












































































































































7KH:RUOG -RXUQDO RI %LRORJLFDO 3V\FKLDWU\ LV RQH RI WKH QXPHURXV EHQH¿WV
DYDLODEOH WR:RUOG )HGHUDWLRQ RI 6RFLHWLHV RI %LRORJLFDO 3V\FKLDWU\ UHJLVWHUHG
PHPEHUV WRZKRP7KHMRXUQDO LVVHQWIUHHRIFKDUJHDQGDFFHVVLEOHRQOLQH LQ







$QQXDO VXEVFULSWLRQ UDWHV IRU YROXPH   ,QVWLWXWLRQV  LQGLYLGXDOV
 3RVWDJH LQFOXGHG$LU VSHHG GHOLYHU\ WR VXEVFULEHUVZRUOGZLGH 6XSSOH
PHQWV DUH VXSSOLHG IUHH RI FKDUJH WR DOO VXEVFULEHUV )UHH HOHFWURQLF DFFHVV LV
DYDLODEOHWRDOOVXEVFULEHUVRIWKHSULQWYHUVLRQ


















$OODUWLFOHVDUHSURWHFWHGE\FRS\ULJKWZKLFKFRYHUVH[FOXVLYH ULJKWV WR UHSUR
GXFH DQG GLVWULEXWH WKH DUWLFOH1RPDWHULDO LQ WKLV MRXUQDOPD\ EH UHSURGXFHG
SKRWRJUDSKLFDOO\RUVWRUHGRQPLFUR¿OPLQHOHFWURQLFGDWDEDVHVYLGHRRUFRP
SDFWGLVNVHWFZLWKRXWSULRUZULWWHQSHUPLVVLRQIURP7D\ORU	)UDQFLV6SHFLDO
UHJXODWLRQV IRU SKRWRFRSLHV LQ WKH86$$XWKRUL]DWLRQ WR SKRWRFRS\ LWHPV IRU
LQWHUQDO RU SHUVRQDO XVH RU WKH LQWHUQDO RU SHUVRQDO XVH RI VSHFL¿F FOLHQWV LV
JUDQWHGE\7D\ORU	)UDQFLVIRUOLEUDULHVDQGRWKHU



















































3V\FKLDWU\ 7KLV HGLWLRQ EULQJV WR \RX DOO WKH VFLHQWLILFPDWHULDO WR EH SUHVHQWHG DQG GLVFXVVHG GXULQJ WKH WK:RUOG
&RQJUHVVRI%LRORJLFDO3V\FKLDWU\9LHQQD-XQHWK-XO\UG













































3V\FKLDWU\ LQ WKHVWFHQWXU\ LV LQDVWDWHRIFULVLV$VGHPRQVWUDWHG LQD
UHFHQW:RUOG+HDOWK2UJDQL]DWLRQPRQRJUDSK ¿YH RXW RI WKH WHQ OHDGLQJ
FDXVHVRI WKHJOREDOEXUGHQRIGLVHDVHDUHPHQWDO LOOQHVVHVDW WKHSUHVHQW
WLPH:HKDYHDJURZLQJSRSXODWLRQRIDJLQJLQGLYLGXDOVDVWKHKXPDQOLIH
VSDQ OHQJWKHQVEXW WKHEUDLQEHJLQV WRGHJHQHUDWH$QGZHDOVRDSSHDU WR

















IXQFWLRQ RI WKH HQWLUH JHQRPHZLOO HYHQWXDOO\ EH NQRZQ 7KLV KDVPDMRU

















FRPSULVH VSRQWDQHRXVO\ RFFXUULQJ VSRUDGLF &UHXW]IHOGW-DNRE GLVHDVH
V&-' JHQHWLF IDPLOLDO &-' *HUVWPDQQ6WUlXVVOHU6FKHLQNHU GLVHDVH
IDWDO IDPLOLDO LQVRPQLDDQGDFTXLUHG LDWURJHQLF&-'YDULDQW&-'Y&-'
WUXH³SULRQ LQIHFWLRQ´GLVHDVH IRUPV$OORI WKHPPD\IHDWXUHSV\FKLDWULF
V\PSWRPVPRVWIUHTXHQWO\GXULQJWKHHDUO\FRXUVH7KLVLVSDUWLFXODUO\WUXH
IRU Y&-' LQ ZKLFK HDUO\ SV\FKLDWULF V\PSWRPV OLNH GHSUHVVLRQ DQ[LHW\
DSDWK\ZLWKGUDZDODQGGHOXVLRQVDUHFRPSOHPHQWLQJQHXURORJLFV\PSWRPV
IRU:+2VXUYHLOODQFHGLDJQRVWLFFULWHULD7KHVHGLDJQRVWLFFULWHULDFRPELQH













8. ¿HOG VWXGLHV RQ 3U3VF GHWHFWLRQ LQ VXUJLFDO O\PSKRLG WLVVXHV VXJJHVW









HOVHZKHUH LW LV DQ LPSRUWDQW FKDOOHQJH WR WKHEORRG LQGXVWU\ DQGKRVSLWDO






















ELRORJLFDO WRROV DVZHOO DV HOHFWURSK\VLRORJLFDO DSSURDFKHV DQGEHKDYLRXU
VWXGLHV WRGHPRQVWUDWH WKHQRQDXWRQRPRXVDFWLYLW\RIKRPHRSURWHLQVDQG











3URFKLDQW] $ DQG -ROLRW $  &DQ WUDQVFULSWLRQ IDFWRUV IXQFWLRQ DV






















)LUVW WKLV SUHVHQWDWLRQ ZLOO GLVFXVV WKH FRQFHSWXDO FKDOOHQJHV DVVRFLDWHG
ZLWK WKHHVVHQWLDOO\FURVVVHFWLRQDODSSURDFK LPSOLHGE\RXUFXUUHQWGLDJ
QRVWLF V\VWHPV HVSHFLDOO\'60,9ZKLFK E\ VHSDUDWLQJ ELSRODU GLVRUGHU
RXWDVDVHSDUDWHLOOQHVV³IURPWKHWRS´KDVJLYHQSULPDF\WRSRODULW\RYHU
UHFXUUHQFH,QGHHGDPRQJWKHGHSUHVVLYHGLVRUGHUV³UHFXUUHQW´EHFRPHVD
WHUWLDU\FDWHJRU\ZKLFK VLPSO\PHDQVPRUH WKDQRQHHSLVRGH ,QFRQWUDVW









± LWV QHXURSURWHFWLYH DQG DQWLVXLFLGH HIIHFWV 6LQFH GHSUHVVLRQ UHSUHVHQWV
















2EMHFWLYHV 7KH SDWLHQWV SHUVSHFWLYH LV RI VLJQL¿FDQW LPSRUWDQFH EXW






















ZHUH PHQWLRQHG E\ 'LI¿FXOWLHV IRU QHZ FRQWDFWV ZHUH UHSRUWHG E\




&RQFOXVLRQV 7KH FRQGLWLRQ KDV D VLJQL¿FDQW QHJDWLYH LPSDFW RQ ZRUN
UHODWHG LQWHUSHUVRQDO DQG OHLVXUH DFWLYLWLHV 7KH EXUGHQ RI %' LPSDFWV
KHDYLO\ RQ IDPLO\ /DFN RI LQIRUPDWLRQ SHUSHWXDWHVP\WKV DQG SUHMXGLFH
































 7KH LQWHJUDWLRQ RI SDWLHQWOHG VXSSRUW JURXSV ZLWK RYHUDOO WUHDWPHQW
JRDOV WR SURYLGH HGXFDWLRQ VXSSRUW FRPPXQLW\ OHDGHUVKLS UROH
PRGHOOLQJDFFHVVWRVSHFL¿FJURXSVHWF


































UROH WKDW SDWLHQWV WKHPVHOYHV FDQ SOD\ LQ WKH GDLO\ PDQDJHPHQW RI WKHLU
FRQGLWLRQV 7KH VKLIW LQ HPSKDVLV IURP SDWHUQDOLVWLF DSSURDFKHV WRZDUGV
SDWLHQW HPSRZHUPHQW LV HYLGHQW LQ WKH LPSOHPHQWDWLRQ RI VHOIPDQDJH





















5HFHQW UHVHDUFKRQERWK VLGHVRI WKH$WODQWLF LQGLFDWHV WKDWPLVGLDJQRVLV













7KLV SUHVHQWDWLRQ ZLOO GLVFXVV WKH PHULWV RI GHYHORSLQJ DQ HIIHFWLYH
SK\VLFLDQSDWLHQW SDUWQHUVKLS DQG WKH EHQH¿WV WKDW DFFUXH IURP VXFK DQ
DUUDQJHPHQW IRU ERWK SDUWLHV ZKLOVW H[SORULQJ WKH EDUULHUV WKDW FXUUHQWO\


















GDWD RQ VH[XDO GLPRUSKLVPV LQ QHXUDO VXEVWUDWHV RI HPRWLRQ SURFHVVLQJ













VWLPXOL DQG HPRWLRQ UHJXODWLRQ UHVSHFWLYHO\ KDYH EHHQ GHPRQVWUDWHG LQ
ELSRODUGLVRUGHU%3DQGPDMRUGHSUHVVLYHGLVRUGHU0''8VLQJI05,
ZHDLPHGWRGHWHUPLQHLIVSHFL¿FIXQFWLRQDODEQRUPDOLWLHV LQ WKHVHQHXUDO

















DPSDO UHVSRQVH WRPLOG VDG H[SUHVVLRQVZKLFK FRUUHODWHG SRVLWLYHO\ZLWK
GHSUHVVLRQVHYHULW\6WXG\0''SDWLHQWVVKRZHGLQFUHDVHGPHGLDO3)&
UHVSRQVH DQG UHGXFHG6&5 WR IRUPHUO\KDSS\EXWQRW VDG VWLPXOL FRP
SDUHGZLWK FRQWUROV$QKHGRQLD SRVLWLYHO\ DQG QHJDWLYHO\ FRUUHODWHGZLWK
YHQWURPHGLDO3)&DQGVWULDWDOUHVSRQVHUHVSHFWLYHO\WRWKHKDSS\VWLPXOL
&RQFOXVLRQV:H GHPRQVWUDWH LQFUHDVHG VXEFRUWLFDO UHVSRQVHV WR VDG H[
SUHVVLRQVLQ%3DQG0''GHSUHVVLRQEXWGHSUHVVLRQLQGHSHQGHQWLQFUHDVHV
LQVXEFRUWLFDOUHVSRQVHWRSRVLWLYHDQGQHJDWLYHHPRWLRQDOVWLPXOLLQ%32XU
¿QGLQJV IXUWKHU LQGLFDWH GHFUHDVHG DXWRQRPLF DQG VXEFRUWLFDO UHVSRQVHV
DQG LQFUHDVHG UHVSRQVH LQ 3)& UHJLRQV XQGHUO\LQJ HPRWLRQ UHJXODWLRQ WR
















0HWKRGV:H DSSOLHG FRPSXWHUL]HG PHDVXUHV RI HPRWLRQ UHFRJQLWLRQ LQ











PHPEHUVKDYHGH¿FLWV LQ HPRWLRQSURFHVVLQJ7KXVPHDVXUHVRI HPRWLRQ
SURFHVVLQJFDQEHXVHGDVHQGRSKHQRW\SLFPDUNHUVLQJHQHWLFVWXGLHV
5HIHUHQFHV
*XU 5& 6DUD 5 +DJHQGRRUQ00DURP2 +XJKHWW 30DF\ / 7XUQHU




















2EMHFWLYHV ,PSDLUHG SURFHVVLQJ RI HPRWLRQV KDV ORQJ EHHQ GHVFULEHG LQ
VFKL]RSKUHQLD DQGPRUH UHFHQWO\ LQ ELSRODU GLVRUGHU3URFHVVLQJRI HPR
WLRQV WKURXJK IDFLDO FKDQQHOV UHSUHVHQW LPSRUWDQWPRGDOLWLHV RI QRQYHUEDO
FRPPXQLFDWLRQ7KHVHDELOLWLHVPD\LQÀXHQFHSV\FKRVRFLDOIXQFWLRQLQJDQG
UHLQWHJUDWLRQRQFHDFXWHV\PSWRPVVWDELOL]H






SDWWHUQV 6FKL]RSKUHQLD VXEMHFWV SHUIRUP PRUH SRRUO\ RQ UHFRJQLWLRQ RI












2EMHFWLYHV$Q LQFUHDVLQJQXPEHURI WUHDWPHQWVWXGLHV IRFXVRQ LPSDLUHG
FRJQLWLYH DQG HPRWLRQ SURFHVVLQJ LQ VFKL]RSKUHQLD ,PDJLQJ VWXGLHV VXJ


































0HWKRGV ,Q ZH VWDUWHG D VWXG\ RQ WKH FRXUVH RI  SDWLHQWVZLWK
PRRG GLVRUGHUV IROORZHG WKHP FOLQLFDOO\ HYHU\¿YH \HDUV XQWLO  DQG











5HFXUUHQFHGHSHQGLQJRQ WKH VWDWLVWLFDOPHWKRG WKH ULVNRIGHYHORSLQJ
QHZHSLVRGHVZDVDOVRFRQVWDQWRUHYHQZRUVHQHGRYHUGHFDGHV $QJVWHW
DO7KHLQGLYLGXDOUDWHRIUHFXUUHQFHZDVIRXQGWRLQFUHDVHZLWKWKH













$QJVW -$*DPPDHW DO 'LDJQRVWLF FRQYHUVLRQ IURPGHSUHVVLRQ
WR ELSRODU GLVRUGHUV5HVXOWV RI D ORQJWHUP SURVSHFWLYH VWXG\ RI KRVSLWDO
DGPLVVLRQV-RXUQDORI$IIHFWLYH'LVRUGHULQSULQW
$QJVW -$*DPPD HW DO  Ä5HFXUUHQFH RI ELSRODU GLVRUGHUV DQG
PDMRUGHSUHVVLRQ$OLIHORQJSHUVSHFWLYH³(XU$UFK3V\FKLDWU\&OLQ1HX
URVFL
.HVVLQJ / 9 0 * +DQVHQ HW DO  Ä7KH SUHGLFWLYH HIIHFW RI








%DVHGRQFRQWUROOHGDQGRSHQVWXGLHV WKH WUHDWPHQWZLWK OLWKLXPVDOWV IRU
WKHSUHYHQWLRQRIUHODSVHVLQPDQLFGHSUHVVLYHSDWLHQWVSURYHVHIIHFWLYHLQ
 WR  RI FDVHV %HVLGHV WKH YDULDELOLW\ RI SDWLHQWV LQFOXGHG LQ WKH
YDULRXVVWXGLHVGLI¿FXOW\LQDVFHUWDLQLQJPRUHVSHFL¿FUHVXOWVLVDVVRFLDWHG
WRWKHPHWKRGRORJ\XVHGWRGHWHUPLQHWKHHIIHFWLYHQHVVRIOLWKLXP6WXGLHV
RQ WKLV WRSLF XVH VHYHUDO W\SLFDO DVVHVVPHQWPHWKRGV VXFK DV FRPSDULQJ
WKH WLPH LQWHUYDO IURP WKH VWDUWRI WUHDWPHQW WR WKH¿UVW UHODSVHZKLOH VWLOO













XQLQWHUUXSWHG WUHDWPHQWV 7KLV LQGH[ LV RIWHQ FDWHJRUL]HG LQ SHUFHQWDJHV
DERYHRU EHORZRI LOOQHVV WLPH LQ RUGHU WR GHWHUPLQHZKLFK SDWLHQWV
UHVSRQGIDYRUDEO\RUQHJDWLYHO\UHVSHFWLYHO\WRWKHWUHDWPHQW&RPSDULVRQV









WRPV ZKHWKHU PDQLF RU GHSUHVVLYH LQ WKH VHFRQG JURXS UDSLGF\FOHUV
ZLWKD'HSUHVVLRQ+\SRPDQLD,QWHUYDOFRXUVHVHTXHQFHDVZHOODV WKRVH
SDWLHQWVZLWKFKURQLFFRXUVH ,QFOXGHG LQ WKH WKLUGJURXSDUHSDWLHQWVZKR
VKRZ V\PSWRPV RI FRPRUELGLW\ XVXDOO\ VXEVWDQFH DEXVH GLVRUGHUV (YHQ


















2EMHFWLYHV 7KLV SUHVHQWDWLRQ ZLOO IRFXV RQ DJPDWLQH LQ WKH EUDLQ DV LW
UHODWHVWRWKHQHXURELRORJ\RIDIIHFWLYHLOOQHVV$JPDWLQHLVDQHXURWUDQVPLW












WLRQV DW EDVHOLQH )ROORZLQJ WUHDWPHQW DJPDWLQH OHYHOV GHFOLQHG GUDPDWL
FDOO\
&RQFOXVLRQV+\SHUFRUWLVROHPLDLQGHSUHVVLRQLVEHOLHYHGWREHQHXURWR[LF
OHDGLQJ WR KLSSRFDPSDO GDPDJH DQG GHFUHDVHG KLSSRFDPSDO YROXPH $
SURWHFWLYHUHVSRQVHRIJOLDFHOOVWRQHXURWR[LFLW\LVHQKDQFHPHQWRIDUJLQLQH
GHFDUER[\ODWLRQ7KXVHOHYDWHGDJPDWLQHLQGHSUHVVLRQPLJKWEHDQHXUR












8QWLO UHFHQWO\ WKHUHZHUH YHU\ IHZ UDQGRPL]HG FRQWUROOHG WULDOV RIPRRG
VWDELOL]HUVRUDQWLGHSUHVVDQWV LQ WKHDFXWH WUHDWPHQWRIELSRODUGHSUHVVLRQ
$ QXPEHU RI QHZ FOLQLFDO WULDOV KDYH SURYLGHG VLJQL¿FDQW GDWD UHJDUGLQJ
WKHHI¿FDF\DQGGLVDGYDQWDJHVRIWKHSKDUPDFRORJLFDOWUHDWPHQWRIELSRODU
GHSUHVVLRQ
2EMHFWLYHV 7KH DLP RI WKLV UHYLHZ LV WR EULQJ WRJHWKHU WKH DSSURSULDWH






















0DMRUGHSUHVVLRQ LVDFRPPRQVHULRXVDQGSRWHQWLDOO\ OLIHWKUHDWHQLQJ LOO
QHVVLQWKHHGHUO\ZLWKRUZLWKRXWGHPHQWLD7KHSUHYDOHQFHRIGHSUHVVLRQ
DQGGHPHQWLDLQWKHDJHJURXSRYHULVDQGUHVSHFWLYHO\'XULQJ







0RVW RI WKH VWXGLHV DUH FRPSDUDWLYHEHWZHHQ WZRDQWLGHSUHVVDQWVZLWKRXW






7KH5,0$ 0$2,$ VSHFL¿FPRFOREHPLGH VKRZ HI¿FDF\ LQ HOGHUO\ SD
WLHQWVSUHVHQWLQJZLWKGHSUHVVLRQ
$VGHSUHVVLRQ LVPDLQO\DW\SLFDO LQ WKHHOGHUO\ LW VHHPVRI LQWHUHVW WRXVH
0$2LQKLELWRUVDVLWZDVVXJJHVWHG\HDUVDJRLQDW\SLFDOGHSUHVVLRQRI





















H[HFXWLYH IXQFWLRQV PD\ EH FDQGLGDWH QHXURFRJQLWLYH HQGRSKHQRW\SHV RI
ELSRODUDIIHFWLYHGLVRUGHU+RZHYHUSUHYLRXVVWXGLHVZKLFKLQYHVWLJDWHG






0HWKRGV 7KHVH VWXGLHV XVHG IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ
I05,LQRUGHUWRUHYHDOWKHQHXUDOLPSOHPHQWDWLRQRIGLIIHUHQWFRPSRQHQWV
RI H[HFXWLYH FRQWURO LH VXEFRPSRQHQWV RI ZRUNLQJ PHPRU\ DV ZHOO DV
FRQÀLFW GHWHFWLRQ DQG UHVROXWLRQ LQ KHDOWK\ KXPDQ VXEMHFWV SHUIRUPLQJ
GLIIHUHQW ZRUNLQJ PHPRU\ DQG WDVN VZLWFKLQJ H[SHULPHQWV )XUWKHUPRUH
XVLQJ WKH VDPH H[SHULPHQWDO SDUDGLJPV SDWLHQWV ZLWK ELSRODU DIIHFWLYH
























































ELSRODU GLVRUGHU KDV ORQJ EHHQ QHJOHFWHG DQG KDV VHOGRP EHHQ WKH IRFXV
RI HDUO\QHXURLPDJLQJ VWXGLHV+RZHYHU LQ UHFHQW\HDUV WKLVKDV FKDQJHG
GUDPDWLFDOO\ZLWKLQFUHDVLQJLQWHUHVWLQLWVSDWKRSK\VLRORJ\DQGIXQFWLRQDO


















0HWKRGV 7KLV VWXG\ LQYROYHG  ELSRODU SDWLHQWV DQG DQ HTXDO QXPEHU
RI KHDOWK\ FRQWUROV PDWFKHG IRU DJH VH[ DQG KDQGHGQHVV 7KH\ ZHUH DOO
VFDQQHG XVLQJ DQ HPRWLRQDO 6WURRS WDVN RQ D 7 3KLOLSV ,QWHUD VFDQQHU
%ORRG2[\JHQDWHG /HYHO'HSHQGDQW I05,ZDV HPSOR\HG WR GHWHFW DUHDV
RI WKHEUDLQDFWLYDWHG LQUHVSRQVH WR WKHDIIHFWLYHVWURRS LQWHUIHUHQFH7KH
H[SHULPHQWDOSDUDGLJPZDVSUHVHQWHGLQDEORFNGHVLJQDOWHUQDWLQJEHWZHHQ




















7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW ELSRODU SDWLHQWV VKRZ FRJQLWLYH LPSDLU
PHQWVZKLFKDUHQRWRQO\UHVWULFWHGWRWKHDFXWHHSLVRGHVRIWKHLOOQHVVEXW
DOVRWRUHPLVVLRQSHULRGV1HYHUWKHOHVVWKHUHLVFRQWURYHUV\DPRQJDXWKRUV
ZLWK UHJDUG WR ZKDW NLQG RI FRJQLWLYH G\VIXQFWLRQV SHUVLVW LQ HXWK\PLF
VWDWHV0RUHRYHU WKHUH DUH VRPH FOLQLFDO IDFWRUV VXFK DV UHODSVHV RU VXE
FOLQLFDO V\PSWRPV LQÀXHQFH FRJQLWLYH IXQFWLRQLQJ LQ ELSRODU SDWLHQWV2Q











VKRZQHXURSV\FKRORJLFDO GLVWXUEDQFHV 3RRU QHXURSV\FKRORJLFDO SHUIRUP
DQFHZDVDVVRFLDWHGWRSRRUIXQFWLRQDORXWFRPH)URPWKLVDQGRWKHUVWXGLHV
WKHUHLVLQFUHDVLQJHYLGHQFHWKDWDVLJQL¿FDQWSURSRUWLRQRIELSRODUSDWLHQWV
DUH LPSDLUHG UHJDUGLQJ H[HFXWLYH IXQFWLRQ DQG YHUEDO PHPRU\ 9HUEDO
PHPRU\LPSDLUPHQWVHHPVWREHUHODWHG WRSRRUHUGDLO\IXQFWLRQLQJHYHQ















DOO QRYHO DQWLFRQYXOVDQWVKDYHPRRG VWDELOL]LQJSURSHUWLHV HYHQZKHQ WKH
HYLGHQFHIRUVXFKLVFOHDUO\ODFNLQJ&RQYHUVHO\DOWKRXJKWKHUHLVHYLGHQFH
IURPGRXEOHEOLQGVWXGLHV WRVXJJHVW WKDWQRYHODQWLSV\FKRWLFPHGLFDWLRQV
KDYH PRRG VWDELOL]LQJ SURSHUWLHV WKHUH LV UHOXFWDQFH LQ WKH SV\FKLDWULF
FRPPXQLW\WRDWWULEXWHPRRGVWDELOL]HUODEHOIRUWKHVHPHGLFDWLRQV,QWKLV
SUHVHQWDWLRQZHZLOO UHYLHZ WKHGDWD IURP3RVLWURQHPLVVLRQ WRPRJUDSK\
VWXGLHVWRSURYLGHDELRFKHPLFDOUDWLRQDOHIRUPRRGVWDELOL]LQJSURSHUWLHVRI
DW\SLFDODQWLSV\FKRWLFV
,Q D VHULHV RI 3(7 VWXGLHV RXU JURXS DQG RWKHUV KDYH VKRZQ WKDW GRZQ
UHJXODWLRQ RI EUDLQ +7 UHFHSWRUV LV DVVRFLDWHG ZLWK DQ DQWLGHSUHVVDQW
HIIHFW6LPLODUO\WKHUHLVHYLGHQFHWRLQGLFDWHWKDWPDQLDLVDVVRFLDWHGZLWK
LQFUHDVHGGRSDPLQH WUDQVPLVVLRQ OLNHO\ VHFRQGDU\ WRGHFUHDVHGGRSDPLQH
WUDQVSRUWHUGHQVLW\RULQFUHDVHGGRSDPLQH'UHFHSWRUVDQGWKDWLPSURYH
PHQW LQ PDQLF V\PSWRPV FRXOG EH DFKLHYHG E\ GRSDPLQH ' UHFHSWRU
EORFNDGHRUGHFUHDVHLQGRSDPLQHV\QWKHVLV
$\WSLFDODQWLSV\FKRWLFVEORFN+7UHFHSWRUVDQGOHDGWRGRZQUHJXODWLRQ
RI EUDLQ +7 UHFHSWRUV7KLV OLNHO\ FDQ FRQIHU DQ DQWLGHSUHVVDQW HIIHFW
$W\SLFDODQWLSV\FKRWLFVDOVREORFNGRSDPLQH'UHFHSWRUVDQGWKLVFRQIHUV
DQWLPDQLFHIIHFWIRUWKHVHFRPSRXQGV7KHLUDELOLW\WREORFNERWK+7DQG








,QFRQWUDVW WR WKHH[WHQVLYHZRUNRQ WKHPHFKDQLVPVRIDFWLRQRI OLWKLXP
UHODWLYHO\ OLWWOHLVNQRZQDERXW WKHQHXURELRORJLFDOFRUUHODWHVRI WKHDFWLRQ









VLRQ RI GLIIHUHQW JHQHV HQFRGLQJ IRU QHXURWUDQVPLWWHUV RU QHXURSURWHFWLYH
SURWHLQV6LPLODUWROLWKLXPYDOSURDWHVKRZVHIIHFWVRQWKH,3'$*VHFRQG
PHVVHQJHUV\VWHPDQGWKHFRQVHFXWLYHDFWLYDWLRQRISURWHLQHNLQDVH&2WKHU
HIIHFWVRIYDOSURDWH LQFOXGH WKH LQKLELWLRQRIJO\FRJHQV\QWKDVHNLQDVHȕ















































E\ D F\FORWK\PLFDQ[LRXVVHQVLWLYH GLVSRVLWLRQZLWKPRRG UHDFWLYLW\ DQG
LQWHUSHUVRQDO VHQVLWLYLW\ DQG UDQJLQJ IURPPRRG DQ[LHW\ LPSXOVH FRQWURO
DQG HDWLQJ GLVRUGHUV ZLOO JUHDWO\ HQKDQFH FOLQLFDO SUDFWLFH DQG UHVHDUFK
HQGHDYRXUV
,QRXU\HDUFOLQLFDOSUDFWLFHZLWK WHHQDJHUVDQG\RXQJDGXOWVZHKDYH










3HUXJL*$NLVNDO+67KH VRIW ELSRODU VSHFWUXP UHGH¿QHG IRFXV RQ WKH
F\FORWK\PLF DQ[LRXVVHQVLWLYH LPSXOVHG\VFRQWURO DQG ELQJHHDWLQJ FRQ















VWLPXODWLRQ DQG VOHHS GHSULYDWLRQPD\ KDYH DGGLWLRQDO EHQH¿WV KRZHYHU
FRQWUROOHGGDWDRQWKHLUHI¿FDF\DUHVWLOOVSDUVH:KHQFKRRVLQJWKHDGHTXDWH
WUHDWPHQWRSWLRQIRUDQLQGLYLGXDOSDWLHQWIDFWRUVDVVHYHULW\RIGHSUHVVLRQ
LQFOXGLQJ VXLFLGDOLW\ WKHSUHYLRXV ORQJLWXGLQDO FRXUVHRI WKH LOOQHVV EL
SRODU,YVELSRODU,,VZLWFKULVNIUHTXHQF\RIHSLVRGHVHVSHFLDOO\UDSLG
F\FOLQJ DQG FRPRUELGLWLHV HJ VXEVWDQFH DEXVH DQG DQ[LHW\ GLVRUGHUV
KDYH WR EH WDNHQ LQWR FRQVLGHUDWLRQ0RRGVWDELOLVHU DORQH WUHDWPHQWPD\




GHSUHVVLRQ FRPSOLFDWHG E\ VXLFLGDOLW\ (&7 VKRXOG DOZD\V EH FRQVLGHUHG
DOUHDG\DWDQHDUO\VWDJHRIWUHDWPHQWDOJRULWKPV
5HIHUHQFHV
-XGG //$NLVNDO +6 6FKHWWOHU 3- &RU\HOO: (QGLFRWW - 0DVHU -' HW
DO$SURVSHFWLYHLQYHVWLJDWLRQRIWKHQDWXUDOKLVWRU\RIWKHORQJWHUP
















PHQGDWLRQV +RZHYHU LQ FOLQLFDO SUDFWLFH VSHFL¿FDOO\ LQ (XURSH LW ZDV
DSSDUHQWWKDWW\SLFDOQHXUROHSWLFVVXFKDVKDORSHULGRORU]XFORSHQWKL[RODUH
XVHGWRDODUJHH[WHQWVSHFL¿FDOO\VLQFHWKHVHFRPSRXQGVFDQDOVREHXVHG












ZHOO DV LQ WKH DGMXQFWLYH WULDOV$ IHZ VWXGLHV DOVR DGGUHVVHG WKH LVVXH RI
































SDWLHQWV /LJKW LV WKH WUHDWPHQW RI FKRLFH IRU VHDVRQDO DIIHFWLYH GLVRUGHU
6$' DQG UHFHQW VWXGLHV GRFXPHQW DFFHOHUDWHG DQG DXJPHQWHG UHVSRQVH
LQQRQVHDVRQDOHYHQFKURQLFGHSUHVVLRQDVDGMXQFWWRPHGLFDWLRQ+LJK
GHQVLW\QHJDWLYHDLULRQH[SRVXUHLVDOVRDQWLGHSUHVVDQWLQ6$'0HODWRQLQ
DGPLQLVWHUHG WRGHSUHVVHGSDWLHQWV LPSURYHV VOHHS QRWPRRG7KHVHQRQ
SKDUPDFRORJLFDO WUHDWPHQWV KDYH IHZHU VLGH HIIHFWV DQG FRQWUDLQGLFDWLRQV





$:LU]-XVWLFH 07HUPDQ '$2UHQ ).*RRGZLQ ').ULSNH
3&:K\EURZ./:LVQHU-&:X
5:/DP0%HUJHU .9'DQLOHQNR 6.DVSHU (6PHUDOGL .7DNDKDVKL
























































2EMHFWLYHV7KHYDOXHRIEULJKW OLJKW WUHDWPHQW WRDXJPHQWDQWLGHSUHVVDQW
WUHDWPHQWVZLOOEHFRPSDUHGZLWKVWDQGDUGWKHUDSLHV
0HWKRGV$YDLODEOH FOLQLFDO WULDOVRIEULJKW OLJKW WUHDWPHQWRIQRQVHDVRQDO




















SURGXFH DPRUH VDWLVIDFWRU\ UDWH RI UHVSRQVH DQG UHPLVVLRQ7KHUH LV VXI
¿FLHQWHYLGHQFHWRLQFRUSRUDWHEULJKWOLJKWLQWRVWDQGDUGWUHDWPHQW
5HIHUHQFHV
0RQFULHII -:HVVHO\6 DQG+DUG\5$FWLYHSODFHERVYHUVXV DQWLGHSUHV
























,Q WKH ODVW WHQ \HDUV FOLQLFDO UHVHDUFK DW RXU FHQWHUZDV DLPHG DW ¿QGLQJ
VWUDWHJLHV WR LPSURYHXVHIXOQHVVRIFKURQRELRORJLFDO WUHDWPHQWVRIELSRODU
GHSUHVVLRQ
&RPELQHG WUHDWPHQWV ZLWK OLWKLXP VDOWV ORZGRVH DQWLGHSUHVVDQW GUXJV
DQG FKURQRELRORJLFDO LQWHYHQWLRQV VXFK DV VLQJOH RU UHSHDWHG WRWDO VOHHS
GHSULYDWLRQ76'VOHHSSKDVHDGYDQFH63$DQGPRUQLQJOLJKW WKHUDS\
/7 DOORZHG WR UHDFK UHVSRQVH UDWHV RI  DQG FRXOG VXFFHVVIXOO\
SUHYHQWUHODSVHWKXVSURYLGLQJFOLQLFDOSV\FKLDWULVWVZLWKQHZLQVWUXPHQWV
WRDFKLHYHUDSLGDQGVXVWDLQHGDQWLGHSUHVVDQWUHVSRQVHLQELSRODUGHSUHVVHG
SDWLHQWV 6\QHUJLVWLF HIIHFWV ZHUH GHVFULEHG EHWZHHQ FKURQRWKHUDSHXWLF
LQWHUYHQWLRQV PRRG VWDELOL]HUV DQG ERWK VHURWRQHUJLF DQG GRSDPLQHUJLF
GUXJV7KHVHHIIHFWVZHUHIRXQGWREHLQÀXHQFHGE\WKHVDPHFOLQLFDODQG
GHPRJUDSKLFIDFWRUVZKLFKKDYHORQJEHHQNQRZQWRLQÀXHQFHUHVSRQVHWR




5HFHQW VWXGLHV ZLWK IXQFWLRQDO QHXURLPDJLQJ WHFKQLTXHV 3(7 63(&7
%2/' I05, FRQ¿UP WKDW WKH DQWLGHSUHVVDQW UHVSRQVH WR ERWK VHURWRQHU




PHFKDQLVP RI DFWLRQ RI FKURQRELRORJLFDO WUHDWPHQWV 7KH LQÀXHQFH RI D
IXQFWLRQDOSRO\PRUSKLVPLQ WKH WUDQVFULSWLRQDOFRQWURO UHJLRQXSVWUHDPRI






JHQHV UHJXODWLQJ WKH PDPPDOLDQ FLUFDGLDQ UK\WKPLFLW\ HJ &/2&.








GHSULYDWLRQ SKDVH DGYDQFH RI VOHHS DQG OLJKW WKHUDS\ LV FRPSDUHG ZLWK
DQWLGHSUHVVDQWPHGLFDWLRQRQO\
0HWKRGV'HSUHVVHGVXEMHFWVZHUHGLYLGHGLQWRWZRJURXSV7KH¿UVWJURXS
UHFHLYHG DQWLGHSUHVVDQWPHGLFDWLRQ RQO\ 665, DQGPRRG VWDELOL]HU7KH
VHFRQGJURXSUHFHLYHGFKURQRELRORJLFDODXJPHQWDWLRQ7KLVFKURQRELRORJL
FDODXJPHQWDWLRQ LQFOXGHG WRWDO VOHHSGHSULYDWLRQQLJKWVRI VOHHSSKDVH







D VLJQL¿FDQW JURXS VOHHS GHSULYDWLRQ UHVSRQGHU 6'5 VOHHS GHSULYDWLRQ
QRQUHVSRQGHU6'15PHGLFDWLRQRQO\JURXS0('E\WLPHLQWHUDFWLRQ
7KH WLPH SRLQWV XVHG WR GHWHUPLQHZKHWKHU VXEMHFWVZHUH 6'5RU 6'15
¿UVWDQGVHFRQGGD\VSRVW76'ZHUHH[FOXGHGIURPWKHDQDO\VLV
5HVXOWV)RU WKH¿UVWPRQWKDQDO\VLV WKHUHZDVDVLJQL¿FDQWJURXS[ WLPH
LQWHUDFWLRQ IRU 6' UHVSRQGHUV 6' QRQUHVSRQGHUV DQG PHGLFDWLRQ RQO\
JURXS IRU ) GI S 7KHUHZDVDOVRD VLJQL¿FDQWJURXS[
WLPHLQWHUDFWLRQIRU6'UHVSRQGHUVDQGPHGLFDWLRQRQO\JURXS) GI
  S ) GI  S **7KHUHZHUHQRW VLJQL¿FDQW
GLIIHUHQFHVLQDJHJHQGHURULQLWLDOYLVLW+'566'UHVSRQGHUVQ PHDQ
DJH  VG 6' QRQUHVSRQGHUV Q   PHDQ DJH   VG 














































RI VWLJPD LQGHSUHVVLYHGLVRUGHUSDWLHQWV ,QYHQWLQJ WKH.RUHD'HSUHVVLRQ




PDLQ V\PSWRP FRPSODLQWV DQG VWUHVVIXO OLIH HYHQWV7RWDO PDLQ V\PS
WRPVZHUHFROOHFWHGDQGWKHLUWRWDOIUHTXHQF\RIFRPSODLQWVZHUH7KH




 G\VSHSVLD  ORVV RI DSSHWLWH  SDOSLWDWLRQ
WDFK\FDUGLDFKHVWSDLQFKHVWWLJKWQHVVDJLWD
WLRQ  QDXVHDYRPLWLQJ  DYROLWLRQ  GHSUHVVLYH
PRRGDEGRPLQDOSDLQGLVFRPIRUWOHWKDUJ\




























QRQVXSUHVVLRQ LVUHSRUWHG WRSUHGLFWVXLFLGDOLW\ LQPDMRUGHSUHVVLRQ6HY
HUDOVWXGLHVGHPRQVWUDWHGDUHODWLRQVKLSEHWZHHQLQWURQSRO\PRUSKLVPRI
WU\SWRSKDQK\GUR[\ODVHDQGVXLFLGDOEHKDYLRU6LQFHVXLFLGHLVQRWRFFXUUHG
LQ D VLQJOH GLVHDVH WKH V\VWHPDWLF DQG FRPSUHKHQVLYH VWXG\ZLWK YDULRXV
GLDJQRVHVDQGODUJHVDPSOHVLVQHFHVVDU\WR¿QGWKHELRORJLFDODQGJHQHWLF
SUHGLFWRUVRIVXLFLGDOEHKDYLRU











%DFNJURXQG &ODVVLFDO OLWHUDWXUH GHVFULEHV D KLJK LQFLGHQFH RI YHUWHEUDO
IUDFWXUHVDQGRWKHUPXVFXORVNHOHWDOFRPSOLFDWLRQVZLWKXQPRGL¿HGHOHFWUR
FRQYXOVLYH WKHUDS\ (&7 QHYHUWKHOHVV XQPRGL¿HG(&7 FRQWLQXHV WR EH
DGPLQLVWHUHGLQPDQ\SDUWVRIWKHZRUOG
0HWKRGV:HDVVHVVHGPXVFXORVNHOHWDOPRUELGLW\ZLWKXQPRGL¿HG(&7LQ
WZR VHULHVRISDWLHQWV ,Q WKH¿UVW VHULHV FRQYHQWLRQDO;5D\¿OPVRI WKH
WKRUDFROXPEDU VSLQHZHUH URXWLQHO\REWDLQHGEHIRUH DQG DIWHU D FRXUVHRI
 (&7V LQ  FRQVHFXWLYH SDWLHQWV UHFHLYLQJ XQPRGL¿HG VLQXVRLGDO ZDYH
WUHDWPHQWV3DWLHQWVZHUHDOVRURXWLQHO\DVNHGDERXWEDFNDFKH,QWKHVHFRQG
VHULHV GLJLWDO ;5D\V RI WKH WKRUDFROXPEDU VSLQH ZHUH REWDLQHG DIWHU D




WKH(&7FRXUVH DQGZDV FRPPRQHU LQ ROGHU SDWLHQWV*HQGHU KHLJKW DQG
ZHLJKWGLGQRWSUHGLFWHLWKHUSUHVHQFHRUVHYHULW\RIEDFNDFKH2QHSDWLHQW




































LPSURYHPHQW DQG WKH UHVSRQVH UDWH WR (&7 DUH LQÀXHQFHG E\ +3$D[LV
G\VUHJXODWLRQRUYDULDQWVRIWKH$&(JHQH
0HWKRGV:H LQYHVWLJDWHG WZR LQGHSHQGHQW VDPSOHV ZLWK D WRWDO RI 
XQUHODWHGXQLSRODUGHSUHVVHGSDWLHQWVDQGSV\FKLDWULFDOO\KHDOWK\FRQ
WUROV KHDOWK\ FRQWUROV WR GHWHFW DVVRFLDWLRQV RI$&( JHQH SRO\PRUSKLVPV











JHQH VLPLODU WR SDWLHQWV KRPR]\JRXV IRU WKH613 UV7DOOHOH DQG WKH
UV*DOOHOHUHVSRQGHGWR(&7IDVWHUWKDQDOORWKHUJURXSV
&RQFOXVLRQV2XU LQYHVWLJDWLRQJLYHV WKH¿UVWKLQW WKDW WKHVSHHGRIRQVHW
GXULQJDQ(&7WUHDWPHQWFRXUVHLVGHSHQGHQWRIYDULDQWVRIWKH$&(JHQH
&OLQLFDO FRQVHTXHQFHV FRXOG SRVVLEO\ EH DQ HDUOLHU UHFRPPHQGDWLRQ RI














%DFNJURXQG7KH RSWLPDO ORFDOLVDWLRQ RI WKH VWLPXOXV HOHFWURGHV LQ HOHF
WURFRQYXOVLYH WKHUDS\ (&7 LV VWLOO XQGHU GHEDWH 5LJKW ODWHUDO (&7 KDG
OHVV FRJQLWLYH VLGH HIIHFWV WKDQ ELIURQWRWHPSRUDO (&7 EXW KDG DOVR OHVV
DQWLGHSUHVVLYH HI¿FLDF\ 7KLV VWXG\ DGGUHVVHG WKH LVVXHZKHWKHU ELIURQWDO
(&7ZLOO FRPELQH WKHKLJK HI¿FDF\RI ELIURQWRWHPSRUDO(&7ZLWKPLQRU
FRJQLWLYHVLGHHIIHFWVEHFDXVHWKHWHPSRUDOSROHVDUHGRUVDOWRWKHFHQWHURI
WKHLQGXFHGHOHFWULF¿HOG
0HWKRGV ,Q D SURVSHFWLYH UDQGRPL]HG GHVLJQ  SDWLHQWV VXIIHULQJ IURP






















WR VHW HQHUJ\ LQ ULJKW ODWHUDO (&7 WR  RI WKUHVKROG WR LQFUHDVH
UHVSRQVH UDWHV7KH ORFDOLVDWLRQRI WKH LQGXFHGHOHFWULF¿HOG VHHPVQRWEH
FULWLFDOWRWKHGLIIHUHQWFRJQLWLYHGRPDLQV









DPDMRU SDUDGLJP IRU WKHLU ELRORJLFDO EDVLV 7KHPRGH RI DFWLRQ RI (&7
±ZKDWDOWHUDWLRQRIPROHFXODUSDWKZD\VH[DFWO\FRQVWLWXWHVLWVHI¿FDF\±KDV
EHHQWKHWRSLFRIYDULRXVVWXGLHVLQUHFHQW\HDUV
0RVWNQRZOHGJH WRGDWH VWHPV IURPDQLPDOPRGHOVRIGHSUHVVLRQDQG WKH
LQIRUPDWLRQ JDWKHUHG LV SUHIHUHQWLDOO\ FRPSDUHG WR ELRORJLFDO YDULDWLRQV










6HFWLRQ RI %LRORJLFDO 3V\FKLDWU\ RI WKH :RUOG 3V\FKLDWULF $VVRFLDWLRQ
*UHHFH
0RKDPPHG$ERX6DOHK<LDQQLV3DSDNRVWDV,DQQLV=HUYDV
7KH LQWURGXFWLRQ RI (OHFWURFRQYXOVLYH 7KHUDS\ (&7 IRU WKH WUHDWPHQW
RI VHYHUH GHSUHVVLYH LOOQHVV LV RQH RI WKHPRVW GUDPDWLF GHYHORSPHQWV LQ










7KHPDLQ LQGLFDWLRQV DUH GHSUHVVLYHGLVRUGHU SDUWLFXODUO\ZLWKSV\FKRWLF
V\PSWRPVGHSUHVVLRQZLWKKLJKULVNRIVXLFLGHKDUPWRRWKHUVVHOIQHJOHFW
DQGSK\VLFDOGHWHULRUDWLRQ(&7LVDVVRFLDWHGZLWKKLJKUDWHVRIUHODSVHIRO
ORZLQJ UHPLVVLRQ RI D GHSUHVVLYH GLVRUGHU DQG LW LV VWURQJO\ DGYRFDWHG WR

















QHZO\ GHYHORSHG VFUHHQLQJ LQVWUXPHQWV FDQ UHGXFH WKH RYHUGLDJQRVLV RI
GHSUHVVLRQ 7KH GH¿QLWLRQ RI %3,, GLVRUGHU LV DOVR FRQVLGHUHG WR EH WRR
VWULFWDQGZHKDYHVXJJHVWHGDEURDGHUFRQFHSWRI%3,,DQGPLQRUELSRODU
GLVRUGHUVZKLFKLGHQWL¿HGKDOIWKHGHSUHVVLYHVDVELSRODUV







ZHREVHUYHGDGLDJQRVWLF FRQYHUVLRQ WR%3 LQ WRZLWKD UDWKHU
FRQVWDQWFRQYHUVLRQUDWHRISHU\HDURIREVHUYDWLRQLQWRROGDJH
&RPSDUHG WR %3 SDWLHQWV 83 SDWLHQWV PDQLIHVWHG D PRUH EHQLJQ FRXUVH
ZLWKKDOIDVPDQ\HSLVRGHVRYHUOLIHWLPHDQGORZHUFKURQLFLW\UDWHVEXW83
FRPPLWWHG VXLFLGH VLJQL¿FDQWO\PRUHRIWHQ7KH ODWWHU¿QGLQJ FRQ¿UPLQJ
RWKHUVWXGLHVVKRZV83GHSUHVVLRQWREHDFRQVWDQWPDMRUKHDOWKSUREOHP
DOWKRXJK VXLFLGHV FRXOG EH VXEVWDQWLDOO\ SUHYHQWHG E\ FRPELQDWLRQV RI
OLWKLXPDW\SLFDOQHXUROHSWLFVDQGWULF\FOLFDQWLGHSUHVVDQWVLQORZHUGRVHV
$GE/LNHRWKHUDXWKRUVZHIRXQGDJHQGHU)0UDWLRRILQ83ODUJHO\



























5HVXOWV ,Q D 0HPSKLV FRPPXQLW\ PHQWDO KHDOWK FOLQLF RI FRQVHFXWLYH
 SDWLHQWVZLWK DIIHFWLYH LOOQHVV WKH XQLSRODU ELSRODU UDWLRZDV  LQ
WHUHVWLQJO\ELSRODU,,ZDVDVFRPPRQDVELSRODU,,QWKH)UHQFK(3,'('
&ROODERUDWLYH6WXG\RI DW OHDVW PDMRUGHSUHVVLYH HSLVRGHV ZHUH
ELSRODUELSRODU,ZDVXQFRPPRQFRQWULEXWLQJWRQRPRUHWKDQRIWKLV
¿JXUH ,Q WKH5DYHQQD6DQ'LHJR&ROODERUDWLRQRQPRUH WKDQSULYDWH
SDWLHQWVZLWK0'(XS WRFRXOGEHGLDJQRVHGELSRODU VSHFWUXPWKLV
VDPSOH H[FOXGHGELSRODU ,7KH UHDVRQV IRU WKH VKULQNLQJRI WKHXQLSRODU
JURXS LVGXH WR VHYHUDO IDFWRUVEHWWHUPHWKRGV IRU HYDOXDWLQJK\SRPDQLD
VKRUWHQLQJ WKH GXUDWLRQ RI K\SRPDQLD WR  GD\V RUPRUH LQFOXGLQJ FDVHV









































GXUDWLRQ RI LQSDWLHQW WUHDWPHQW LV TXLWH ORQJ ZKLFK XQGHUOLQHV WKDW WKHVH
SDWLHQWVDUHGLI¿FXOWWRWUHDWDQGPRVWO\QHHGVHYHUDOVHTXHQFHVRIWUHDWPHQW
ZLWKGLIIHUHQWGUXJVDQGDOVRLQWHQVLYHFRPHGLFDWLRQVWUDWHJLHVDQGVRPH





















7KH WUHDWPHQW RI GHSUHVVLRQ LQ DFXWH DQG ORQJWHUP XQLSRODU GHSUHVVLRQ





DQG UHFHQWO\GXOR[HWLQH$OWKRXJK WKH VWXGLHVDUHFRQGXFWHG LQD ULJRURXV
DQGPHWKRGRORJLFDOO\ VRXQGZD\ WKHUH DUH DQXPEHURITXHVWLRQVQRW DG




WHUP WUHDWPHQW H[LVWLQJ LQYHVWLJDWLRQVPRVWO\ SURYLGH RQO\ RQH\HDU GDWD
DOWKRXJKWUHDWPHQWUHFRPPHQGDWLRQVHPSKDVL]HLQDODUJHSHUFHQWDJHDOLIH
ORQJWUHDWPHQWUHJLPHQ,WVHHPVQHFHVVDU\WRXQGHUWDNHVXEVWDQWLDOHIIRUWV
WR VWXG\ GLIIHUHQW WUHDWPHQWPRGDOLWLHV LQ SRSXODWLRQV WKDW UHÀHFW FOLQLFDO
UHDOLW\7KHVH LQYHVWLJDWLRQV VKRXOGEHFDUULHGRXWZLWK WKH VDPH ULJRURXV
PHWKRGRORJ\REWDLQHGDOVRLQSKDVH,,DQGSKDVH,,,VWXGLHV$QRWKHUZD\









2EMHFWLYHV7UHDWPHQWUHVLVWDQWGHSUHVVLYHGLVRUGHUV 7'5 UHPDLQ D VLJ
QL¿FDQWSUREOHPLQFOLQLFDOSUDFWLFHLQVSLWHRIDQLQFUHDVHLQWKHQXPEHURI
















RSHQXQFRQWUROOHG VZLWFKRU DXJPHQWDWLRQ VWXGLHV DUH DYDLODEOH EXWRQO\
D IHZ FRQWUROOHG FRPSDUDWLYH SURVSHFWLYH WULDOV VXJJHVW ZKLFK RI VHYHUDO
WUHDWPHQWVDUHSUHIHUUHGLIWKH¿UVWRUVXEVHTXHQWWUHDWPHQWVGRQRWDFKLHYH
VDWLVIDFWRU\RXWFRPHV7KXVWKHQHHGIRUPRUHSURVSHFWLYHFRQWUROOHGWULDOV
HVSHFLDOO\ WR FRPSDUH WZR RUPRUH SRWHQWLDOO\ DFWLYH WUHDWPHQWV LV FOHDU
$PRQJ WKHSRVVLEOH WUHDWPHQW VWUDWHJLHV IRUSDWLHQWVQRW UHVSRQGLQJ WRDQ
LQLWLDOWULDOZLWKDQDQWLGHSUHVVDQWDXJPHQWDWLRQZLWKOLWKLXPLVWKHIRUHPRVW
DQGPRVWZHOOGRFXPHQWHGVWUDWHJ\7KH%HUOLQ$OJRULWKP3URMHFWDQGWKH
7H[DV0HGLFDWLRQ$OJRULWKP3URMHFW 70$3 FRPSDUHG DOJRULWKPJXLGHG
WUHDWPHQWVZLWK³WUHDWPHQWDVXVXDO´7$8DQGGHPRQVWUDWHGVXSHULRULW\RI
DOJRULWKPJXLGHGWUHDWPHQWFRPSDUHGWR7$8
&RQFOXVLRQV7KHUH LV D FOHDUQHHG WRGHYHORS D FRQVHQVXVRQ WKHGH¿QL







WKH WUHDWPHQW RI GHSUHVVLRQ PDNLQJ WKH ULJKW GHFLVLRQ DW WKH ULJKW WLPH
3KDUPDFRSV\FKLDWVXSSO
%DXHU 0 :K\EURZ 3& $QJVW - 9HUVLDQL 0 0|OOHU +-  :RUOG
)HGHUDWLRQRI6RFLHWLHV RI%LRORJLFDO3V\FKLDWU\ :)6%3*XLGHOLQHV IRU




7-.H\7 %LJJV00 6KRUHV:LOVRQ.:LWWH % 6XSSHV70LOOHU$/













2EMHFWLYHV7R GHVFULEH DQQXDO DQG OLIHWLPH SUHYDOHQFH UDWHV RI5%' E\














GLVRUGHU 5%' SOXV %3,, 7KH DVVRFLDWLRQ RI 5%'ZLWK ELSRODU,,
%3,,GLVRUGHUZDV VLJQL¿FDQW 25 &, EXWQRWZLWK
PDMRU GHSUHVVLYH GLVRUGHU 0'' 25  &,  &RPSDUHG WR
SXUH%3,,FRPELQHG%3,,FDVHVKDGPXFKKLJKHUUDWHVRIVXLFLGHDWWHPSWV
YVDQGWUHDWPHQWYV7KHFRPRUELGLW\SDW
WHUQ RI SXUH 5%' DQG SXUH %3,, VKRZHGPXFK ORZHU DVVRFLDWLRQV ZLWK
RWKHUSV\FKLDWULFV\QGURPHVWKHFRPRUELGJURXSKDGKLJKUDWHVRIVXLFLGH
DWWHPSWV25 DQGDOFRKROXVHGLVRUGHUV25 
5%'ZDV VLJQL¿FDQWO\ DVVRFLDWHGZLWK UHSHDWHG SDQLF DWWDFNV %3,, GLV
RUGHUV UHFXUUHQW EULHI K\SRPDQLD REVHVVLYHFRPSXOVLYH V\QGURPHV DQG
*$'
&RQFOXVLRQV 5%' DPSOL¿HG WKH FRPRUELGLW\ RI DVVRFLDWHG GLVRUGHUV WR























+77/35 DIIHFW WKH IXQFWLRQ RI WKHVH SURWHLQV LQ QHXURQV DQG SUHGLFW
YDULDWLRQLQKXPDQPHPRU\DQGLQIHDUEHKDYLRU:HZHUHDEOHWRVKRZWKDW
6(57VFDUULHUVH[KLELWUHGXFHGJUD\PDWWHUYROXPHDQGIXQFWLRQLQOLPELF













WKDW WKHVH UHVXOWVZHUH IRXQG LQ QRUPDO YROXQWHHUV 1  GHPRQVWUDWHV
WKDW WKHVHSXWDWLYHGHYHORSPHQWDO GLIIHUHQFHV DUH DPHFKDQLVPRIJHQHWLF
VXVFHSWLELOLW\ &RPSOLPHQWDU\ZHZLOO DOVR VKRZ GDWD IURP D ODUJHVFDOH
1 ORQJLWXGLQDOHSLGHPLRORJLFVXUYH\(DUO\'HYHORSPHQWDO6WDJHV





















+DULUL$ 5 HW DO %UDLQGHULYHG QHXURWURSKLF IDFWRU9DO0HW SRO\PRU




3H]DZDV / HW DO 5HFXUUHQW EULHI GHSUHVVLRQSDVW DQG IXWXUH 3URJ 1HX
URSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
3H]DZDV/HWDO5HFXUUHQWEULHIGHSUHVVLYHGLVRUGHUUHLQYHVWLJDWHGDFRP
PXQLW\ VDPSOHRI DGROHVFHQWV DQG\RXQJDGXOWV3V\FKRO0HG

3H]DZDV/HWDO7KH%UDLQ'HULYHG1HXURWURSKLF)DFWRU9DO0HW3RO\
PRUSKLVPDQG9DULDWLRQ LQ+XPDQ&RUWLFDO0RUSKRORJ\ -1HXURVFL 


















0HWKRGV 5HVHDUFK PHWKRGV FRYHULQJ FOLQLFDO SV\FKLDWU\ SV\FKRPHWULF
DVVHVVPHQWV ELRFKHPLFDO DVVHVVPHQWV QHXURSV\FKRORJ\ ((* FRJQLWLYH




DQGH[HFXWLYH IXQFWLRQV LQ UDSLGF\FOLQJSDWLHQWV DVVHVVHG LQ DQHXWK\PLF
VWDWH3DWLHQWVZLWK5%'ZLWKRXWHSLVRGHVRIK\SRPDQLDDQG5%'SDWLHQWV
ZLWKSUHYLRXVK\SRPDQLFHSLVRGHVDUHFRPSDUHGWRQRUPDOFRQWUROV
5HVXOWV 3UHOLPLQDU\ UHVXOWV LQGLFDWH G\VIXQFWLRQ LQ FRJQLWLYH GRPDLQV
UHODWHG WR ZRUNLQJ PHPRU\ H[HFXWLYH IXQFWLRQV PHPRU\ DQG DWWHQWLRQ
HVSHFLDOO\ DWWHQWLRQ LQYROYLQJ FRQÀLFW PRQLWRULQJ )XUWKHUPRUH SDWLHQWV
WKDW LQDGGLWLRQ WR UHFXUUHQWGHSUHVVLRQDOVRKDYHH[SHULHQFHGHSLVRGHVRI
K\SRPDQLDWHQGWRSHUIRUPVOLJKWO\SRRUHURQQHXURFRJQLWLYHSDUDPHWHUV

















2QO\ D VPDOO IUDFWLRQ RI SDWLHQWV ZLWK UHFXUUHQW EULHI GHSUHVVLRQ 5%'







RI5%'DQGPDMRU GHSUHVVLRQ VRFDOOHG FRPELQHGGHSUHVVLRQ DWWHPSWHG
VXLFLGH =XULFK6WXG\GXULQJD WZRGHFDGHREVHUYDWLRQSHULRGXQGHUOLQHV
WKH QHHG IRU VXI¿FLHQW WUHDWPHQW &RQWUDVWLQJO\ DOPRVW WZR GHFDGHV DIWHU




PLJKW EH GLVFXVVHG LQ OLQHZLWKPHWKRGRORJLFDO LVVXHV&DVH UHSRUWVZLWK
PLUWD]DSLQHUHER[HWLQHÀXR[HWLQHDVZHOODVRWKHUFRPSRXQGVOLNHOLWKLXP
FDUEDPD]HSLQHODPRWULJLQHRUWULQ\OF\SUDPLQHDUHKRZHYHUHQFRXUDJLQJIRU











$LPV 0\ SDSHU DLPV DW GHPRQVWUDWLQJ WKH QHXURSV\FKRORJLFDO DQG





5HVXOWV )LUVW , GHPRQVWUDWH DWWHQWLRQDO G\VIXQFWLRQ LQ GHSUHVVLRQ E\
SUHVHQWLQJ QHXURSV\FKRORJLFDO DQG LPDJLQJ UHVXOWV VKRZLQJ GLVWXUEHG















:KHQ VHDUFKLQJ IRU GLDJQRVWLFDOO\ WKHUDSHXWLFDOO\ DQG SURJQRVWLFDOO\





'HSUHVVLRQ LV DVVRFLDWHG ZLWK D QXPEHU RI FRJQLWLYH GH¿FLWV HSLVRGLF
PHPRU\ OHDUQLQJDQGDWWHQWLRQGH¿FLWVH[HFXWLYHG\VIXQFWLRQ&RJQLWLYH






PD\RIIHUFOXHV WRPHFKDQLVPVDQGEUDLQQHWZRUNV LQYROYHGLQ WKHSDWKR
SK\VLRORJ\RIPDMRUGHSUHVVLRQ
























+] U706 RYHU WKH OHIW GRUVRODWHUDO SUHIURQWDO FRUWH[ '/3)& ULJKW
'/3)&DQGRFFLSLWDOFRUWH[SULRUWRWDVNSHUIRUPDQFH
5HVXOWV :H REVHUYHG VLJQL¿FDQWO\ LPSURYHG SHUIRUPDQFH LQ DFXWHO\




















0DMRU GHSUHVVLRQ FDQ EH FKDUDFWHUL]HG E\ FRRFFXUUHQFH RI HPRWLRQDO
DQG FRJQLWLYH V\PSWRPV :H LQYHVWLJDWHG SDWWHUQV RI QHXUDO DFWLYLW\ LQ
YHQWUDOSUHIURQWDOFRUWH[GXULQJHPRWLRQDODQGFRJQLWLYHVWLPXODWLRQLQ
KHDOWK\ DQG  GHSUHVVLYH VXEMHFWV XVLQJ IXQFWLRQDO PDJQHWLF UHVRQDQFH





















0HWKRGV $ VWDWH WUDQVLWLRQ PRGHO ZDV XVHG WR HVWLPDWH WKH LPSDFW RI
LQWHUYHQWLRQVRQSRSXODWLRQOHYHOKHDOWK UHODWLYH WR WKHVLWXDWLRQRIQR LQ
WHUYHQWLRQIRUGHSUHVVLRQQDWXUDOKLVWRU\2OGHUDQGQHZHUDQWLGHSUHVVDQW












SURSRUWLRQ RI WKHH FXUUHQW EXUGHQ RI GHSUHVVLRQ ZKLFK SRLQWV WR D FOHDU













































2EMHFWLYHV 7KH SXUSRVH RI WKLV VWXG\ ZDV WR DQDO\]H WKH SRVVLEOH LP
SOLFDWLRQ RI WKH YDULDQWV RI QHXURWUDQVPLVVLRQ UHODWHG JHQHVVHURWRQLQ
WUDQVSRUWHUKWWOSU VHURWRQLQ UHFHSWRU $$* VHURWRQLQ UHFHSWRU





GXULQJ WKH IROORZLQJXSDQG WRGHWHUPLQH FOLQLFDO UHVSRQVH DQG UHPLVVLRQ








VFRUH 7R DQDO\]H JHQHWLF SRO\PRUSKLVPV $ SRO\PHUDVHFKDLQUHDFWLRQ
EDVHGPHWKRGZDVXVHG7KHGLIIHUHQFHVRIWKHJHQRW\SHGLVWULEXWLRQVDQG




VWXG\:H IRXQGHG VLJQL¿FDQW GLIIHUHQFHV LQ JHQRW\SH DOOHOH DQG FDUULHU
GLVWULEXWLRQEHWZHHQQRUPDOJURXSDQG0''SDWLHQWV*HQRW\SHV[ 
GI  S  $OOHOHV [  GI S  25  &,
$OOHOH FDUULHUV [  GI  S 25  &,
 7KH IUHTXHQF\ RI WKH  * DOOHOH ZDV PXFK KLJKHU LQ
0''SDWLHQWVWKDQQRUPDOJURXS$OOHOHFDUULHUV[ GI S 
25 &,7KHUHZHUH DOVR VLJQL¿FDQWGLIIHUHQFHV
RI FLWODRSUDPDFFRUGLQJ WR WKH $*YDULDWLRQRI+75$ LQ0DMRU
GHSUHVVLRQ SDWLHQWV 7KH JURXS RI UHPLWWHUV KDG KLJKHU IUHTXHQF\ RI **
DOOHOH WKDQ LWRI$$DQG$*DOOHOH2WKHUZLVH LQ WKHJURXSRIQRQUHPLW
WHUVIUHTXHQF\ZLWK$DOOHOHZDVKLJKHUWKDQLWZLWKRXW$DOOHOH*HQRW\SH
[ S $OOHOHFDUULHU[ S 25 &,
2XUDQRWKHUUHVXOWDOVRVXSSRUWHGWKDWWKHGLIIHUHQWLDOUHVSRQVH
WR WKHFLWDORSUDPDFFRUGLQJ WR WKH $*SRO\PRUSKLVPJHQRW\SHDQG
DOOHOH FDUULHUV 7KH ** JHQRW\SH DSSHDUHG EHWWHU UHVSRQVH WR





$W  ZHHN +$0' VFRUH FKDQJH  VKRZHG GLIIHUHQWO\ E\ %'1) JH
QHWLF YDULDWLRQ7KH JURXSZLWKRXW0HW DOOHOHZDV  DQGZLWK0HW
DOOHOH ZDV )  S  7KH JURXS ZLWK 0HW DOOHOH EHWWHU
UHVSRQGHG WR FLWDORSUDP ZKHQ FRPSDUHG ZLWK WKH JURXS ZLWKRXW 0HW
DOOHOH DV HYDOXDWHG RQ WKH &RUH)  S  $FWLYLW\) 
S DQG3V\FKLFDQ[LHW\) S +$0'VFRUHSHUFHQWDJH
UHGXFWLRQ,QDGGLWLRQ7KHJHQRW\SH'LVWULEXWLRQRIWKH9DO0HWYDULDWLRQ







ZLWK UHVSRQVH S 25  &O  DQG5HPLVVLRQ




&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW WKHJHQHWLFYDULDWLRQRI VHURWRQLQ
UHFHSWRU$*1%DQG%UDLQ'HULYHG1HXURWURSKLF)DFWRU%'1)EHLQ


































H[FLWDELOLW\ RI S\UDPLGDO QHXURQV 8VLQJ SDLUHGSXOVH 706 SHULRGV RI
LQWUDFRUWLFDO LQKLELWLRQ DQG IDFLOLWDWLRQ FDQ EH VWXGLHG7KH HIIHFWV RI WKH





5HSHWLWLYH 706 U706 KDV EHHQ XVHG WR LQWHUUXSW EHKDYLRXU LQGXFHG







FKDQJHV DQG LW KDV EHHQ VXJJHVWHG WKDW ORQJWHUP SRWHQWLDWLRQ /73 DQG
ORQJWHUPGHSUHVVLRQ/7'DUHWKHFDQGLGDWHPHFKDQLVPVXQGHUO\LQJWKHVH
HIIHFWV,QWKHJHUELODXGLWRU\FRUWH[/73OLNHFKDQJHVIROORZLQJU706KDYH
EHHQ GHVFULEHG KRZHYHU WKH HOHFWURSK\VLRORJLFDO FKDQJHV REVHUYHG DIWHU
U706GLGQRWIXO¿OWKHFXUUHQWFULWHULDRI/73/7'
&RQFOXVLRQV6LQJOHDQGSDLUHGSXOVH706DUHZHOOXQGHUVWRRGPHWKRGVWR



















0HWKRGV (OHFWURQLF VHDUFKHV RQ0HGOLQH WKH &RFKUDQH /LEUDU\ DQG WKH
$YHU\+ROW]KHLPHU*HRUJHGDWDEDVH $YHU\HW DOZHUHFDUULHGRXW
2QO\FRQWUROOHGSDUDOOHOGHVLJQWULDOV1!ZHUHVHOHFWHGDQGUHYLHZHG
5HVXOWV $ERXW  VPDOO SODFHERFRQWUROOHG FOLQLFDO WULDOV LQYHVWLJDWLQJ
WKHHI¿FDF\DQGVDIHW\RI U706 LQPDMRUGHSUHVVLRQKDYHEHHQSXEOLVKHG
WRGDWHPDLQO\DGGUHVVLQJ WKHDSSOLFDWLRQDVDGGRQ WUHDWPHQW LQ WKHUDS\
UHVLVWDQWPDMRUGHSUHVVLRQUHYLHZHGE\3DGEHUJHWDO0DQ\RIWKHVH
VWXGLHVUHSRUWDQWLGHSUHVVDQWHIIHFWVRIU706VXSHULRUWRSODFHERWUHDWPHQW
KRZHYHU WKHVH WULDOV VKRZ FRQVLGHUDEOH YDULDWLRQ UHJDUGLQJ HI¿FDF\ DQG
FOLQLFDO VLJQL¿FDQFH RI WKHUDSHXWLF HIIHFWV )RXU PHWDDQDO\VHV LQFOXGLQJ
D&RFKUDQHPHWDDQDO\VLV FRQ¿UPHG D VLJQL¿FDQW DQWLGHSUHVVDQW HIIHFW RI
WZRZHHNVKLJKIUHTXHQF\U706WUHDWPHQWFRPSDUHGWRSODFHER0DUWLQHW
DO 7KHVHPHWDDQDO\VHVKRZHYHU FRQVLGHUDEO\YDU\ UHJDUGLQJ WKH
RYHUDOO HIIHFW VL]HV)RXU WULDOV KDYHEHHQ FRQGXFWHG WR GDWH LQYHVWLJDWLQJ
ZKHWKHU U706PD\ DFFHOHUDWH RU LQFUHDVH WKH UHVSRQVH WR DQWLGHSUHVVDQW
PHGLFDWLRQ:KHUHDVQRVLJQL¿FDQWDGGLWLRQDOEHQH¿WIURPU706ZDVRE
VHUYHGLQFRPELQDWLRQZLWKVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV665,
U706 KDV UHFHQWO\ EHHQ IRXQG WR DFFHOHUDWH WKH DQWLGHSUHVVDQW HIIHFW RI
DPLWULSW\OLQH
&RQFOXVLRQV U706PD\ EH HIIHFWLYH DV DQ DGGRQ WUHDWPHQW LQ WKHUDS\
UHVLVWDQWGHSUHVVLRQEXWFRXOGDOVRGHYHORSWRD¿UVWOLQHWUHDWPHQWRSWLRQ
,Q WKH OLJKW RI LQFRQVLVWHQW UHVXOWV RIPHWDDQDO\VHV WKHUH LV RQO\ OHYHO 
HYLGHQFHRIDQDQWLGHSUHVVDQWDFWLRQRIU706DFFRUGLQJWRFXUUHQWFULWHULD
RI HYLGHQFH EDVHG PHGLFLQH DQG VR IDU U706 FDQQRW EH UHFRPPHQGHG
IRU D JHQHUDO FOLQLFDO DSSOLFDWLRQ+RZHYHU U706ZRXOG EH D SRWHQWLDOO\
YHU\XVHIXO WUHDWPHQWEHFDXVHRI LWVÀH[LEOHDSSOLFDELOLW\VDIHW\DQGJRRG



















2EMHFWLYHV $QWLGHSUHVVLYH EHQH¿W IURP SUHIURQWDO UHSHWLWLYH PDJQHWLF
VWLPXODWLRQ U706 RI RQH RU WZRZHHNV YDULHG LQ WKH OLWHUDWXUH EHWZHHQ
DQGLPSURYHPHQWRIWKH+DPLOWRQGHSUHVVLRQVFDOHYVDQG
LPSURYHPHQWE\VKDPU7067KHYDULDQFHLVSUREDEO\FDXVHGE\JHQHWLF
SV\FKRSDWKRORJLFDO DQG QHXURSV\FKRORJLFDO LWHPV RI WKH SDWLHQWV EXW DOVR
E\WKHIXQFWLRQDOVWDWHRIWKHFRUWH[DUHDEH\RQGWKHVWLPXODWLRQFRLODQGWKH
DGGRQPHGLFDWLRQ











1HJDWLYH SUHGLFWRUV RI UHVSRQVH WR SUHIURQWDO U706 ZHUH  FRUWLFDO K\
SHUDFWLYLW\ EH\RQG +]PDJQHWLF SXOVHV  LQFUHDVHG DJH  SUHIURQWDO
DWURSK\FRJQLWLYHG\VIXQFWLRQHYDOXDWHGE\IURQWDOWHVWVHVSHFLDOO\PLU
URUGUDZLQJWDVN0'7DULWKPHWLFVXEWUDFWLRQ675223WHVWSV\FKRWLF












0DUWLQ -/ %DUEDQRM0- 6FKODHSIHU 7( HW DO  7UDQVFUDQLDO PDJ
QHWLF VWLPXODWLRQ IRU WUHDWLQJ GHSUHVVLRQ &RFKUDQH 'DWDEDVH 6\VW 5HY
&'
:DVVHUPDQQ (0 /LVDQE\ 6+  7KHUDSHXWLF DSSOLFDWLRQ RI UHSHWL







2EMHFWLYHV 7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 JDLQV LQFUHDVLQJ




VWLPXODWLRQ DQG VHFRQGO\ WR ORFDWH WKHPDJQHWLFFRLOSUHFLVHO\DERYH WKLV
DUHDDQGWRPRQLWRULWVORFDWLRQGXULQJWKHVWLPXODWLRQVHVVLRQ
&RQFOXVLRQV 7KHUHIRUH RSWLFDOO\ WUDFNHG VWHUHRWD[LF QHXURQDYLJDWLRQ RI
WKHFRLORQWKHEDVLVRILQGLYLGXDOO\GHULYHGWDUJHWDUHDVE\IXQFWLRQDOQHX











7UDQVFUDQLDO 0DJQHWLF 6WLPXODWLRQ LV D QRQLQYDVLYH PHWKRG RI EUDLQ













SV\FKLDWULFSDWLHQW WRRNSODFHDW WKH8QLYHUVLW\+RVSLWDO LQ%HUQ6ZLW]HU
ODQGLQ0D\
5HVXOWV RI D UHFHQW UDQGRPL]HGZLWKLQVXEMHFW GRXEOHPDVNHG WULDO FRP
SDULQJ(&7DQG067LQSDWLHQWVLQGLFDWHWKDW067DSSHDUVWRKDYHOHVV




$OWKRXJK (&7 KDV DQ XQSDUDOOHOHG DQG ZHOOGRFXPHQWHG HI¿FDF\ LQ
VHYHUH GHSUHVVLRQ LW LV DVVRFLDWHG ZLWK FRJQLWLYH VLGH HIIHFWV 6FKODHSIHU
















/LVDQE\ 6+ 6FKODHSIHU 7( )LVFK +8 6DFNHLP +$ E 0DJQHWLF
VHL]XUHWKHUDS\RIPDMRUGHSUHVVLRQ$UFK*HQ3V\FKLDWU\
6FKODHSIHU7( 3URJUHVV LQ7KHUDSHXWLF%UDLQ6WLPXODWLRQ LQ1HX
URSV\FKLDWU\&166SHFWUXPV
6FKODHSIHU 7( .RVHO 0 1HPHURII &%  (I¿FDF\ RI 5HSHWLWLYH









VLRQ LQROG DJH'HSUHVVLRQ LQ WKH HOGHUO\ LV FRPPRQERWK DV D V\PSWRP







0HWKRGV /LWHUDWXUH 5HYLHZ $ VXPPDU\ RI V\VWHPDWLF UHYLHZV ZLOO EH












&RQFOXVLRQV &RPPRQ UHFRJQLVLEOH	 WUHDWDEOH$WWLWXGHV WR DJLQJPD\




















WK\ZKLFKFRXOGEHGH¿QHGDV DQ DEVHQFHRI UHVSRQVLYHQHVV WR VWLPXOL DV
GHPRQVWUDWHG E\ ODFN RI VHOI LQLWLDWHG DFWLRQ RU DOWHUQDWLYHO\ E\ D ODFN RI
PRWLYDWLRQLQEHKDYLRXUFRJQLWLRQDQGDIIHFW$SDWK\LVFRPPRQLQPDQ\
QHXURSV\FKLDWULF GLVRUGHUV DQG LV GLVWLQJXLVKDEOH IURP GHSUHVVLRQ 7KH
DSDWK\,QYHQWRU\,$SURYLGHDVHSDUDWHDQGEULHITXDQWLWDWLYHDVVHVVPHQW
RI WKH WKUHH GLPHQVLRQV RI DSDWK\/DFN RI LQLWLDWLYH UHIHUV WR GLPLQLVKHG
JRDOGLUHFWHGEHKDYLRXUODFNRILQWHUHVWWRGLPLQLVKHGJRDOGLUHFWHGFRJQL
WLRQ DQG HPRWLRQDO EOXQWLQJ UHIHUV WR WKH ODFN RI HPRWLRQDO UHVSRQVHV ,Q
RUGHU WR VWUHVV WKH UHODWLRQVEHWZHHQDSDWK\DQGGHSUHVVLYH V\PSWRPV WKH
WZRGLPHQVLRQVDQG WKHLUFRUUHODWHVZKHUHV\VWHPDWLFDOO\HYDOXDWHG LQ WKH
3+5&('$1SRSXODWLRQLQFOXGLQJ$O]KHLPHUGLVHDVHYDVFXODUGHPHQWLD
0LOGFRJQLWLYH LPSDLUPHQW$SDWK\ZDVDVVHVVHGZLWK WKH$SDWK\ ,QYHQ
WRU\ FDUHJLYHU YHUVLRQ'HSUHVVLYH V\PSWRPVZHUH DVVHVVHGZLWK WKH13,
GHSUHVVLRQLWHP7KHIROORZLQJWDEOHSUHVHQWWKHIUHTXHQF\RIWKHWZRW\SHV
RIV\PSWRPVIRUWKH$O]KHLPHUSDWLHQWV
$'SDWLHQWV Q  DJH (GXFDWLRQ 006(
:LWKDSDWK\     
:LWKDSDWK\	GHSUHVVLRQ     
:LWKGHSUHVVLRQ     
:LWKRXWDSDWK\	GHSUHVVLRQ     
5HIHUHQFHV
%HQRLW0 6WDFFLQL 3 5REHUW 3 + %URFNHU 3 %HQKDPLGDW 7 %HU
WRJOLDWL&/HFKRZVNL/$QGULHX6DQG9HOODV%)UpTXHQFHHWDQDO\VH
IDFWRULHOOH GHV WURXEOHV GX FRPSRUWHPHQW GDQV OD PDODGLH Gµ$O]KHLPHU
5HYXHGH0pGHFLQH,QWHUQHVV
5REHUW 3+ &ODLUHW 6 %HQRLW0.RXWDLFK - %HUWRJOLDWL &7LEOH
2 &DFL + %RUJ0 %URFNHU 3 DQG %HGRXFKD 3 7KH$SDWK\











5HVXOWV 'H KDV D KHWHURJHQHRXV EDFNJURXQG ODUJHO\ GLIIHULQJ IURP
GHSUHVVLRQLQDGXOWKRRG7KHKLJKLQFLGHQFHRIFHUHEURYDVFXODUDQGQHXUR
GHJHQHUDWLYHGLVRUGHUVDGGVDVXEVWDQWLDOQXPEHURIVHFRQGDU\GHSUHVVLRQ




RYHUODSV\QGURPHVDUHHVSHFLDOO\ IUHTXHQW ,Q WKLVFRPSOH[LW\ERWKVWUXF
WXUDO05,DQGIXQFWLRQDO63(73(7QHXURLPDJLQJKHOSVWRLGHQWLI\WKH
SDWKRSK\VLRORJLFDOVXEVWUDWHRI'HDQGJDLQVLQIRUPDWLRQRQEUDLQVWUXFWXUHV
NQRZQ WR EH LQYROYHG LQ SULPDU\ GHSUHVVLRQ ,Q'H WKH JHQHUDO ¿QGLQJV
RIG\VIXQFWLRQRIDQWHULRU IURQWDO OREHV 1DYDUURHWDODQG OLPELF
SDUDOLPELFVWUXFWXUHVIRXQGLQDGXOWKRRG,WRHWDOPDLQO\LQFOXGLQJ
DQWHULRU FLQJXODWH LQVXOD DQG DP\JGDOD DUH VXEVWDQWLDOO\ FRQ¿UPHG DQG
HYHQPDJQL¿HG0RUHRYHUDQLPSDLUPHQWRISUHIURQWDODQGDQWHULRUSDULHWDO
FRUWH[ 1REOHUHW DO WHPSRUDOFRUWH[ (EPHLHUHW DO
1REOHU HW DO  KLSSRFDPSXV DQG EDVDO JDQJOLD $ZDWD HW DO 
KDV EHHQ UHSRUWHG )URQWDO K\SRSHUIXVLRQPD\ SUHGLFW WKH DFXWH UHVSRQVH
WRDQWLGHSUHVVDQW 1DYDUURHW DO DQG VHHPV WRGLVDSSHDUDIWHU VXF
FHVVIXOWUHDWPHQW1DYDUURHWDOEXWGHHSK\SRSHUIXVLRQRIDQWHULRU
FLQJXODWHDQGSUHIURQWDO FRUWH[PD\EHD VLJQRI UHIUDFWRULQHVV WR WKHUDS\









$'SDWLHQWVEXWQRW LQ ODWHRQVHWGHSUHVVLRQ 0HOW]HUHWDOZKHUH
D WUHQG WR UHGXFWLRQZDV IRXQG LQ WKHKLSSRFDPSXV 6KHOLQHHWDO
'HSUHVVLRQLVIRXQGLQDERXWSHUFHQWRIVWURNHSDWLHQWV(VSHFLDOO\IURQWDO
VWURNHV ZLWK D SUHIHUHQFH IRU WKH OHIW KHPLVSKHUH DUH FRPSOLFDWHG ZLWK





&RQFOXVLRQV %RWK VWUXFWXUDO DQG IXQFWLRQDO QHXURLPDJLQJ DUH FUXFLDO WR













UROH LQ LQWHJUDWLRQ SURFHVVHV E\ FRRUGLQDWLQJ WKHPRGXODWLRQ RI V\QDSVHV
0HWDSODVWLFLW\PD\WKHUHIRUHEHDFHQWUDOFRPSRQHQWLQFRJQLWLYHDFWLYLWLHV
VXFKDVOHDUQLQJDQGPHPRU\$EUDKDP(PHUJLQJGDWDLQGLFDWHWKDW
VWUHVVZKLFKDOWHUVKLSSRFDPSXVGHSHQGHQW UHFROOHFWLRQPHPRU\ DOVR LQ
GXFHVPHWDSODVWLFLW\LQWKHKLSSRFDPSDO&$UHJLRQVXJJHVWLQJWKDWVWUHVV
PRGXODWHV FRJQLWLYH IXQFWLRQV YLD DEHUUDQWPHWDSODVWLFLW\ *DUFLD 
$ODUJHERG\RIHYLGHQFHKDVDOVRHVWDEOLVKHGDOLQNEHWZHHQVWUHVVIXOOLIH












5HVXOWV %RWK W\SHV RI VWUHVV SURGXFHG PHWDSODVWLF FKDQJHV LQ V\QDSWLF





















5HJDUGLQJ GHSUHVVLRQ WKHUH DUH PDQ\ DQWLGHSUHVVDQW WUHDWPHQWV WKDW DUH
FXUUHQWO\ DYDLODEOH DVZHOO DV WKH VRPDWLF WUHDWPHQW RI HOHFWURFRQYXOVLYH
WKHUDS\7UDQVFUDQLDO0DJQHWLF 6WLPXODWLRQ 706 KDV EHHQ VXJJHVWHG DV
DSRWHQWLDODOWHUQDWLYH WUHDWPHQW$PHWDDQDO\VLVRIDYDLODEOHVWXGLHVVXJ
JHVWHGWKDW706PD\EHHI¿FDFLRXV,WLVFXUUHQWO\XQGHUIXUWKHUVWXG\LQWKH
8QLWHG6WDWHV LQ WZR ODUJHVFDOHPXOWLVLWH FOLQLFDO WULDOV7KH'HSDUWPHQW
RI9HWHUDQ¶V$IIDLUVLVFRQVLGHULQJDQRWKHUPXOWLVLWHVWXG\WRGRFXPHQWLWV
HIIHFWLYHQHVV LQ SDWLHQWVZLWK GHSUHVVLRQ DVVRFLDWHGZLWK YDULRXV FRPRU
ELGLWLHVFRPPRQO\IRXQGLQYHWHUDQV7KHXVHRI706ZLOOEHUHYLHZHGDVD
SRWHQWLDOWUHDWPHQWIRUGHSUHVVLRQLQWKHHOGHUO\


























2EMHFWLYHV %ORRG R[\JHQ OHYHO GHSHQGHQW %2/' IXQFWLRQDO 05, WR
LQYHVWLJDWHEUDLQDFWLYLW\LQSDWLHQWVZLWKPDMRUGHSUHVVLYHHSLVRGHV0''
LV RI SDUWLFXODU LQWHUHVW EHFDXVH GHSUHVVLRQ DIIHFWV FRJQLWLYH IXQFWLRQ DQ
DVSHFWRIEUDLQDFWLYLW\WKDW LVSDUWLFXODUO\DPHQDEOHWRI05,DQDO\VLVDQG
WKDW DW WKH VDPH WLPHPD\ EH RQH RI WKHPDMRU UHDVRQZK\ GHSUHVVLRQ LV




LQJZRUNLQJPHPRU\ DQG HUURU VLJQDOVZLWK DVVRFLDWLYH OHDUQLQJ$ VPDOO
JURXSRIKHDOWK\YROXQWHHUVZDVH[DPLQHGWRHVWLPDWHWKHHIIHFWRIVHURWRQLQ
UHXSWDNHLQKLELWLRQRQVXFKWDVNVDQGWKHLUDVVRFLDWHGEUDLQUHVSRQVHV














&RQFOXVLRQV2XU VWXGLHV SURYLGH HYLGHQFH RI WKH H[FHVVLYH LQYROYHPHQW
RIURVWUDODQWHULRUFLQJXODWHDQGSDUDKLSSRFDPSDOEUDLQUHJLRQVLQSUHGLF






6WHHOH -' 0H\HU 0 (EPHLHU .3  1HXUDO SUHGLFWLYH HUURU VLJQDO
FRUUHODWHVZLWKGHSUHVVLYHLOOQHVVVHYHULW\LQDJDPHSDUDGLJP1HXURLPDJH

(EPHLHU . .URQKDXV '  %UDLQ LPDJLQJ DQG PRRG GLVRUGHUV ,Q
'¶+DHQHQ+ GHQ%RHU -$:LOOQHU 3 HGV%LRORJLFDO 3V\FKLDWU\:LOH\
/RQGRQSS
(EHUW'(EPHLHU.37KHUROHRIWKHFLQJXODWHJ\UXVLQGHSUHVVLRQ















WKH HIIHFWV RI WUHDWPHQW :H XVHG D SKDUPDFRORJLFDO FKDOOHQJH ZLWK WKH
&&.% UHFHSWRU DJRQLVW 3HQWDJDVWULQ LQ 3' SDWLHQWV DQG KHDOWK\ FRQWURO
VXEMHFWVDQGPHDVXUHG UHJLRQDOFHUHEUDOEORRGÀRZU&%)FKDQJHVZLWK
+23(7
0HWKRGV 6HYHQWHHQ 3' SDWLHQWV DQG  KHDOWK\ FRQWURO VXEMHFWV ZHUH





WKH DQWHULRU LQVXOD LQ 3' SDWLHQWV FRPSDUHG WR FRQWUROV +\SHUDFWLYLW\ LQ
SDWLHQWVFRPSDUHGWRFRQWUROVZDVREVHUYHGLQWKHSDUDKLSSRFDPSDOJ\UXV





























EHWZHHQ WZR RU PRUH GLVVRFLDWLYH ³V\VWHPV RI LGHDV DQG IXQFWLRQV WKDW
FRQVWLWXWHSHUVRQDOLW\´ LHEHWZHHQ WZRRUPRUHGLVVRFLDWLYHSDUWVRI WKH
SHUVRQDOLW\,QWHUPVRIWKHWKHRU\RIVWUXFWXUDOGLVVRFLDWLRQRIWKHSHUVRQDO
LW\ WKLV DOWHUQDWLQJSDWWHUQ UHÀHFWV IDLOHG LQWHJUDWLRQEHWZHHQRQHRUPRUH
³HPRWLRQDO´ SDUWV RI WKH SHUVRQDOLW\ (3 DQG RQH RU PRUH ³DSSDUHQWO\




0HWKRGV (OHYHQ FDUHIXOO\ GLDJQRVHG SDWLHQWV ZLWK GLVVRFLDWLYH LGHQWLW\




WLYH DQGSK\VLRORJLF UHDFWLRQVZHUH DVVHVVHG DVZHOO DV UHJLRQDO FHUHEUDO
EORRGÀRZXVLQJ3(7









VXSSRUWLYH RI WKH WKHRU\ RI WUDXPDUHODWHG VWUXFWXUDO GLVVRFLDWLRQ RI WKH
SHUVRQDOLW\7KH\VXJJHVWWKDWWKHSV\FKRELRORJLFDOUHDFWLRQVRIWUDXPDWLVHG
LQGLYLGXDOVWRVWUHVVRUVGHSHQGRQWKHGLVVRFLDWLYHSDUWRIWKHLUSHUVRQDOLW\










:LOOHPVHQ$70GHQ%RHU -$ 3V\FKRELRORJLFDO FKDUDFWHULVWLFVRI
GLVVRFLDWLYH LGHQWLW\ GLVRUGHU U&%) SK\VLRORJLF DQG VXEMHFWLYH ¿QGLQJV
IURPDV\PSWRPSURYRFDWLRQVWXG\ ,Q5HLQGHUV$$76)URPPHWKRGV WR














0HWKRGV:H WHVWHG LQ  KHDOWK\ VXEMHFWV WKH K\SRWKHVLV WKDW VHURWRQLQ
WUDQVSRUWHUJHQRW\SHDIIHFWVFRXSOLQJEHWZHHQWKHDP\JGDODDQGSUHIURQWDO
FRUWH[ XVLQJ I05, GXULQJ WKH SUHVHQWDWLRQ RI HPRWLRQDOO\ VDOLHQW YLVXDO
VWLPXOL




JHVW DPHFKDQLVP WKDWPD\ H[SODLQ WKH DEQRUPDOO\ LQFUHDVHG EORRGÀRZ
LQ WKH DP\JGDODH DQG SUHIURQWDO FRUWH[ LQ VXEMHFWVZLWKPDMRU GHSUHVVLYH
GLVRUGHU2XUVWXG\LQGLFDWHVWKDWWKHHPRWLRQDOVDOLHQF\RIQHJDWLYHVWLPXOL
RUHYHQWVPD\EHHQKDQFHGLQFDUULHUVRIWKH6&/$VDOOHOH7KHGHYHORS
PHQWRIFRJQLWLYHELDVHVDQGG\VIXQFWLRQDODWWLWXGHV WKDWHQKDQFH WKH ULVN
















2EMHFWLYHV 7R EHWWHU XQGHUVWDQG WKH QHXURVFLHQWL¿F DVSHFWV RI SRVWWUDX
PDWLFVWUHVVGLVRUGHU376' LW LVQHFHVVDU\WRHVWDEOLVKDQDQLPDOPRGHO
RI 376' LQZKLFK EHKDYLRUDO FKDQJHV SHUVLVW DIWHU LQLWLDO WUDXPDWL]DWLRQ
:H DGPLQLVWHUHG LQHVFDSDEOH IRRWVKRFNV ,6 WR PDOH:LVWDU UDWV DJHG 
ZHHNVLQDVKXWWOHER[V\VWHPZLWKRXWDQ\VLJQDOOLJKWVDQGDIWHUZHHNV
DQ DYRLGDQFHHVFDSH WDVN ZDV SHUIRUPHG LQ WKH VDPH ER[ XVLQJ VLJQDO
OLJKWVDVPHUHH[WHUQDOVWLPXOL7KHUDWVH[SRVHGWR,6ZHHNVEHIRUHKDQG
H[KLELWHG376'OLNHELGLUHFWLRQDOEHKDYLRUDOFKDQJHVVLPLODUWRV\PSWRPV
RI ³DYRLGDQFHQXPELQJ´ HJ GHFUHDVHG DFWLYLW\ UHDFWLYLW\ DQG LQWHUHVW
LQ VXUURXQGLQJV DQG ³K\SHUDURXVDO´ HJ LUULWDELOLW\ DQG H[DJJHUDWHG UH
VSRQVLYHQHVVWRH[WHUQDOVWLPXOL7KDWLVLQWKHUHODWLYHFDOPRIWKHPLQ
DGDSWDWLRQSHULRGMXVWEHIRUHWKHDYRLGDQFHHVFDSHWDVNVHVVLRQVSRQWDQHRXV
ORFRPRWRU DFWLYLWLHV LQ UDWV GHFUHDVHG2Q WKH RWKHU KDQG LQ WKH VWUHVVIXO





LV¿UVWFKRLFHGUXJIRU376' WRUDWV MXVWDIWHU,6IRUZHHNV WRH[DPLQH
LWV FKURQLF HIIHFW RQRXUPRGHO:HDOVR VXEVWLWXWHG) UDWVZKLFK DUH











































SUHQDWDO VWUHVV SRRUPDWHUQDO FDUH HWF+RZHYHU DVSV\FKLDWULF GLVHDVH
UDWKHU UHVXOW IURP FRPSOH[ LQWHUDFWLRQ EHWZHHQ JHQHWLF DQG HSLJHQHWLF






0HWKRGV:HXVHG%$/%FPLFH LQRUGHU WR WHVW WKHK\SRWKHVLV WKDW WKH\
ZRXOGEHDQDQLPDOPRGHORIYXOQHUDELOLW\WRDQ[LHW\GLVRUGHUV:HDVVHVVHG
WKHLUPDWHUQDOEHKDYLRXUDQ[LHW\EHKDYLRXUGHSUHVVLYHOLNHEHKDYLRXUDQG
































H[WLQFWLRQFRQGLWLRQV WKDW LVSUHVVLQJ WKH OHYHUUHVXOWV LQ WKHSUHVHQWDWLRQ
RI WKH VWLPXOXV EXW QR IRRG LV GHOLYHUHG 5DWV WKDW XQGHUZHQW 6LJQDO$W
WHQXDWLRQ SULRU WR WKH H[WLQFWLRQ WHVW H[KLELW H[FHVVLYH OHYHUSUHVVLQJ WKDW
LV QRW IROORZHG E\PDJD]LQH HQWU\7KLV EHKDYLRUZKLFKZH KDYH QDPHG
ÃFRPSXOVLYHµ OHYHUSUHVVLQJEHFDXVH LWPD\EHDQDORJRXV WR WKHH[FHVVLYH
DQGXQUHDVRQDEOHEHKDYLRUVHHQLQ2&'LVQHYHUH[KLELWHGGXULQJWUDLQLQJ
DQGLVUDUHO\VHHQGXULQJDQH[WLQFWLRQVHVVLRQWKDWLVQRWSUHFHGHGE\6LJQDO












































RI GLD]HSDP DV DVVHVVHG LQ WKH HOHYDWHG SOXVPD]H DQG OLJKWGDUN FKRLFH
WHVW LQ FRQWUDVW WR Į+5 Į+5 DQG Į+5 PLFH 7KH
VHGDWLYH DQG DQWLFRQYXOVDQW DFWLRQ RI GLD]HSDP DUH IXOO\ UHWDLQHG LQ WKH
Į+5PLFH
&RQFOXVLRQV ,PSDLUPHQW LQ IRUHEUDLQ *$%$$ UHFHSWRU IXQFWLRQ VSH















FDQ FDXVH KHDUW GLVHDVH 2XU RZQ FDUGLRORJLFDO PDQDJHPHQW RI SDQLF
GLVRUGHU SURYLGHV FDVHPDWHULDO RI UHFXUUHQW HPHUJHQF\ URRP DWWHQGDQFHV




0HFKDQLVPV RI FDUGLDF ULVN 'XULQJ SDQLF DWWDFNV WKHUH DUH ODUJH V\P
SDWKHWLF QHUYH ¿EUH EXUVWV UHFRUGHG ZLWK V\PSDWKHWLF QHUYH UHFRUGLQJ
FOLQLFDOPLFURQHXURJUDSK\DQG LQFUHDVHV LQQRUDGUHQDOLQH UHOHDVHG IURP
WKHV\PSDWKHWLFQHUYHVRIWKHKHDUWPHDVXUHGZLWKFRURQDU\VLQXVYHQRXV
VDPSOLQJ DQG LVRWRSH GLOXWLRQ PHWKRGRORJ\ 7KHUH DUH DFFRPSDQ\LQJ
VXUJHVRIDGUHQDOPHGXOODU\HSLQHSKULQHVHFUHWLRQ2XUUHVXOWVLQGLFDWHWKDW
SRWHQWLDOQHXUDOPHFKDQLVPVRIFDUGLDFULVNDUHWKHV\PSDWKHWLFDFWLYDWLRQ
GXULQJSDQLFDWWDFNV DQGVSHFL¿FDOO\QHXURSHSWLGH<13< UHOHDVH LQ WKH
KHDUWSHUKDSVFRQWULEXWLQJWRFRURQDU\DUWHU\VSDVPUHOHDVHRIDGUHQDOLQH
DVDFRWUDQVPLWWHULQWKHFDUGLDFV\PSDWKHWLFQHUYHVLPSDLUHGQRUDGUHQDOLQH
QHXURQDO UHXSWDNH DXJPHQWLQJ WKH V\PSDWKRQHXUDO UHVSRQVH WR DQ[LHW\
DQG D QHZO\ GLVFRYHUHG DOWHUHG SDWWHUQ RI V\PSDWKHWLF VLQJOH QHUYH¿ULQJ
LQFUHDVHG SUREDELOLW\ RI PXOWLSOH QHUYH ¿ULQJV SHU KHDUW EHDW 9DVFXODU












FRPPRQO\ GHPRQVWUDWH D SKHQRW\SH RI LPSDLUHG QHXURQDO QRUDGUHQDOLQH










RI K\SHUPHWK\ODWLRQ RI &S* LVODQGV LQ WKH 1(7 JHQH SURPRWHU UHJLRQ
SUHVHQW LQ  RI  SDQLF GLVRUGHU SDWLHQWV VWXGLHG 7KLV SKHQRPHQRQ RI
SURPRWHUUHJLRQ'1$PHWK\ODWLRQLQRWKHUFRQWH[WVKDVEHHQGHPRQVWUDWHG
WRFDXVHJHQHVLOHQFLQJ&XUUHQWO\ZHDUHVHDUFKLQJIRUWKHSUHVHQFHLQSDQLF














LW\ WKDW WUDQVLHQW FKDQJHV LQ FKROLQHUJLF VLJQDOLQJ RFFXU LQ SDWLHQWV ZLWK







FRQWUROV DQG$&K( DFWLYLWLHVZHUH GHWHUPLQHG LQ WKH SUHVHQFH RI WKH EX
W\U\OFKROLQHVWHUDVH LQKLELWRU LVR203$ 3DWLHQW VDPSOHV ZHUH FODVVL¿HG
LQWRWUHDWHGXQWUHDWHGDQGXQWUHDWHGGXULQJSDQLFDWWDFN6WDWLVWLFDODQDO\VLV
LQYROYHG6WXGHQW¶V7WHVW
5HVXOWV 6HUXP$&K( DFWLYLWLHV IURP SHULSKHUDO DUWHU\ VDPSOHV ZHUH DOO
ZLWKLQ WKH UDQJH IRXQG SUHYLRXVO\ IRU WKH86 DQG WKH ,VUDHOL SRSXODWLRQV
%HQ0R\DO6HJDOHWDO%U\NHWDO8QWUHDWHGSDWLHQWVSUHVHQW
HGVLJQL¿FDQWO\ ORZHUDFWLYLWLHVDVFRPSDUHG WRKHDOWK\FRQWUROV S
DQG\HWVLJQL¿FDQWO\ORZHUDFWLYLWLHVDJDLQGXULQJDSDQLFDWWDFNS








&RQFOXVLRQV 2XU ¿QGLQJV GHPRQVWUDWH VLJQL¿FDQWO\ UHGXFHG SURGXFWLRQ
DQGRUGHFUHDVHGVWDELOLW\RIVHUXP$&K(OHYHOVLQSDQLFGLVRUGHUSDWLHQWV
XQGHU DWWDFN DQG DQ DSSDUHQW DVVRFLDWLRQ RI 665, WUHDWPHQW ZLWK WKH LQ
GXFWLRQ RI LQFUHDVHV LQ WKHVH DFWLYLWLHV ,PSDLUHG UHJXODWLRQ RI SHULSKHUDO

















































2EMHFWLYHV 3DWLHQWV ZLWK GHSUHVVLYH LOOQHVV DUH DW DQ LQFUHDVHG ULVN RI
GHYHORSLQJFRURQDU\KHDUWGLVHDVH7KLVLQFUHDVHLVLQGHSHQGHQWRIFRQYHQ
WLRQDOULVNIDFWRUVVXFKDVKLJKEORRGSUHVVXUHFLJDUHWWHVPRNLQJDQGOLSLG
GLVRUGHUV LQ WHUPVRI LWV LPSDFW7KHPHFKDQLVPRI LQFUHDVHGFDUGLDF ULVN












ZLWK DQ665, DXWRQRPLF IXQFWLRQ LVPRGL¿HG YDJDO DFWLYLW\ VLJQL¿FDQWO\
GLPLQLVKHGKHDUWUDWHYDULDELOLW\UHGXFHGDQGFDUGLDFDQGZKROHERG\V\P
SDWKHWLF DFWLYLW\ DWWHQXDWHG &RQVLVWHQW ZLWK D GHIHFW LQ WKH HI¿FLHQF\ RI
QRUDGUHQDOLQH UHXSWDNH WKHFDUGLDFH[WUDFWLRQRI WULWLDWHGQRUDGUHQDOLQH LV
VLJQL¿FDQWO\ UHGXFHG LQ SDWLHQWV ZLWK GHSUHVVLRQ &DUGLDF QRUDGUHQDOLQH
H[WUDFWLRQ LV QRW PRGL¿HG E\ 665, WKHUDS\ 3ODVPD SVHOHFWLQ OHYHOV DUH
QRW VLJQL¿FDQWO\ HOHYDWHG LQ SDWLHQWV QRU DUH WKH\ PRGL¿HG E\ WKHUDS\
(QGRWKHOLDOIXQFWLRQLVPRGL¿HGLQDPDQQHUOLNHO\WRLQFUHDVHFDUGLDFULVN
IROORZLQJWKHUDS\




HOHYDWHG LQ VRPHSDWLHQWVZLWKPDMRU GHSUHVVLYH GLVRUGHU DQG LVPRGL¿HG

















'\VIXQFWLRQ RI *$%$$ UHFHSWRUPHGLDWHG LQKLELWLRQ LV LPSOLFDWHG LQ D
QXPEHURIQHXURORJLFDO DQGSV\FKLDWULF FRQGLWLRQV LQFOXGLQJHSLOHSV\DQG
DIIHFWLYHGLVRUGHUV,QWHUHVWLQJO\VRPHRIWKHVHFRQGLWLRQVKDYHEHHQDVVRFL
DWHGZLWKDEQRUPDOOHYHOVRIFHUWDLQHQGRJHQRXVO\RFFXUULQJQHXURVWHURLGV
ZKLFK SRWHQWO\ DQG VHOHFWLYHO\ HQKDQFH WKH IXQFWLRQ RI WKH EUDLQV¶PDMRU
LQKLELWRU\ UHFHSWRU WKH *$%$$ UHFHSWRU &RQVLVWHQW ZLWK WKHLU DELOLW\ WR
HQKDQFHQHXURQDO LQKLELWLRQ VXFK VWHURLGV H[KLELW LQ DQLPDOV DQGKXPDQV
DQ[LRO\WLF DQWLFRQYXOVDQW DQG DQDHVWKHWLF DFWLRQV1HXURVWHURLGV W\SL¿HG
E\WKHSRWHQWSURJHVWHURQHPHWDEROLWHDOORSUHJQDQRORQHFDQEHV\QWKHVLVHG
GHQRYRLQWKH&16ERWKLQQHXURQHVDQGJOLDLQOHYHOVVXI¿FLHQWWRPRGXODWH













$FNQRZOHGJPHQWV 6XSSRUWHG E\ WKH05& %%65& 7HQRYXV 6FRWODQG











LQ UHVSRQVH WR WUHDWPHQWZLWK DQ[LRJHQLF DQWLGHSUHVVDQW RU DQWLSV\FKRWLF
GUXJVDVZHOODV LQSK\VLRORJLFDO WKH OXWHDOSKDVHRI WKHPHQVWUXDOF\FOH
SUHJQDQF\ RU SDWKRORJLFDO FRQGLWLRQV SUHPHQVWUXDO V\QGURPH GHSUHV
VLRQDQGSDQLFGLVRUGHV WKDWDIIHFWPRRGDQGHPRWLRQDO VWDWH*LYHQ WKDW
WKHVHVWHURLGVDUHSRWHQWHQGRJHQRXVPRGXODWRUVRIWKHDFWLYLW\RI*$%$$
UHFHSWRUVWKHÀXFWXDWLRQVLQWKHEUDLQFRQFHQWUDWLRQVRIQHXURDFWLYHVWHURLGV






5HVXOWV 5DSLG DQG ORQJODVWLQJ LQFUHDVH RU GHFUHDVH LQ WKH LQ YLYR FRQ
FHQWUDWLRQVRI WKHVHVWHURLGVGHULYDWLYHVDVVRFLDWHGZLWKSUHJQDQF\HSRVW
SDUWXP RU SKDUPDFRORJLFDO WUHDWPHQWV LQFOXGLQJ DOFRKRO GHSHQGHQFH DQG
ZLWKGUDZDOHOLFLWVHOHFWLYHFKDQJHVLQ*$%$$UHFHSWRUVXEXQLWH[SUHVVLRQ
DQGIXQFWLRQLQVSHFL¿FQHXURQDOSRSXODWLRQRIGLIIHUHQWEUDLQDUHDV










GRFULQH GLVRUGHU DVVRFLDWHG ZLWK WR DEHUUDWLRQV LQ ERWK VHURWRQHUJLF DQG
*$%$HUJLF IXQFWLRQLQJ 1XPHURXV VWXGLHV KDYH GHPRQVWUDWHG VHOHFWLYH
VHURWRQHUJLF UHXSWDNH LQKLELWRUV 665,V WR EH HIIHFWLYH IRU WKH WUHDWPHQW
RI 30'' 7KH UDSLG LPSURYHPHQW LQ V\PSWRPDWRORJ\ KDV OHDG WR WKH
UHFRPPHQGDWLRQ RI F\FOLF OXWHDO SKDVH WUHDWPHQWZLWK 665,V:H HOHFWHG
WRGHWHUPLQHZKHWKHUVKRUWWHUPH[SRVXUHWRÀXR[HWLQHZDVDVVRFLDWHGZLWK
DQLQFUHDVH LQQHXURVWHURLGV LQZRPHQZLWK30''DQGZKHWKHU WKHHDUO\
LPSURYHPHQWLQPRRGFRUUHODWHGZLWKLQFUHDVHGQHXURVWHURLGV




WKURXJK VXFFHVVLYH WUHDWPHQW F\FOHV&6)ZDV DOVRREWDLQHG LQ ODWH OXWHDO
SKDVHRQO\7KH(QGLFRWW'DLO\5DWLQJVIRUPZDVXWLOL]HGWRHYDOXDWHPRRG




&RQFOXVLRQV:H HOHFWHG WR GHWHUPLQHZKHWKHU WKH UDSLG LPSURYHPHQW LQ
PRRGRIZRPHQH[SRVHGWROXWHDOSKDVHÀXR[HWLQHZDVDVVRFLDWHGZLWKDQ


















UHFHSWRUV ,Q RUGHU WR HYDOXDWH QHZ SXWDWLYH WUHDWPHQW RSWLRQV WDUJHWLQJ
*$%$$ UHFHSWRUV LQ WKH WUHDWPHQW RI SDQLF GLVRUGHU ZH LQYHVWLJDWHG WKH
LPSDFW RI *$%$HUJLF QHXURDFWLYH VWHURLGV DQG RI FRPSRXQGV LQGLUHFWO\
WDUJHWLQJWKH*$%$ELQGLQJVLWHRQDQ[LHW\SDUDGLJPVLQKHDOWK\YROXQWHHUV
DQGSDWLHQWVZLWKSDQLFGLVRUGHU
0HWKRGV:H TXDQWL¿HG D VHULHV RI QHXURDFWLYH VWHURLGV DW EDVHOLQH DQG
GXULQJ H[SHULPHQWDOO\ LQGXFHG DQ[LHW\ ERWK LQ KHDOWK\ YROXQWHHUV DQG
SDWLHQWV ZLWK SDQLF GLVRUGHU E\ PHDQV RI D KLJKO\ VHQVLWLYH DQG VSHFL¿F
JDV FKURPDWRJUDSK\PDVV VSHFWURPHWU\ DQDO\VLV 0RUHRYHU ZH DVVHVVHG





5HVXOWV :KLOH FRQFHQWUDWLRQV RI *$%$HUJLF QHXURDFWLYH VWHURLGV GLG
QRW FKDQJH GXULQJ H[SHULPHQWDOO\ LQGXFHG DQ[LHW\ LQ KHDOWK\ YROXQWHHUV
WKHUHZDVSURQRXQFHGGHFOLQHRI*$%$DJRQLVWLFVWHURLGVLQSDWLHQWVZLWK











2EMHFWLYHV 7KHUH LV JURZLQJ HYLGHQFH WKDW JDPPDDPLQREXW\ULF DFLG
*$%$LVLQYROYHGLQWKHSDWKRJHQHVLVDQGWUHDWPHQWRISUHPHQVWUXDOG\V
SKRULF GLVRUGHU 30'' 8VLQJ SURWRQPDJQHWLF UHVRQDQFH VSHFWURVFRS\








ZKHWKHU LQKLELWLRQ RI VHURWRQLQ UHXSWDNH RU DOWHUQDWLYHO\ PRGXODWLRQ RI
*$%$HUJLFIXQFWLRQLVFUXFLDO LQ WKHWKHUDSHXWLFDFWLRQRI WKHVHDJHQWV LQ
WKH WUHDWPHQWRI30''7KXVZHKDYHHPSOR\HG +056 WHFKQLTXHV WR
PHDVXUHRFFLSLWDOFRUWH[*$%$OHYHOVLQZRPHQZLWK30''SULRUWRDQG
GXULQJWUHDWPHQWZLWKWKH665,ÀXR[HWLQH
0HWKRGV (LJKW ZRPHQ ZLWK SURVSHFWLYHO\ GLDJQRVHG 30'' PHDQ DJH
 \UV XQGHUZHQW +056 PHDVXUHPHQW RI RFFLSLWDO FRUWH[ *$%$
FRQFHQWUDWLRQV XVLQJ D 7HVODPDJQHWZLWK DQ FP VXUIDFH FRLO 6FDQV
ZHUHFRQGXFWHGGXULQJWKHIROOLFXODUDQGPLGOXWHDOSKDVHVRIWKHPHQVWUXDO
F\FOH ERWK EHIRUH DQG DIWHU ÀXR[HWLQH PJG WUHDWPHQW IRU PRQWKV









&RQFOXVLRQV7KHVH¿QGLQJVVXJJHVW WKDW665, WUHDWPHQW IRU30''PD\
H[HUW LWVFOLQLFDOHIIHFWVDOEHLW LQSDUW WKURXJKPRGXODWLRQRI*$%$HUJLF
IXQFWLRQ
5HIHUHQFHV




























'60,,,57R LQFUHDVH VWDWLVWLFDO SRZHU IXOO DQG SDUWLDO GLDJQRVHVZHUH
FRPELQHGWRFUHDWHDVLQJOHRXWFRPHPHDVXUHFRGHGQHYHU376'




5HVXOWV 7KH GHYHORSPHQW RI 376' ZDV DVVRFLDWHG ZLWK QXPHURXV SUH
PLOLWDU\PLOLWDU\DQGSRVWPLOLWDU\IDFWRUV7KHPDLQWHQDQFHRI376'ZDV
DVVRFLDWHGZLWKIHZHUULVNIDFWRUVYLUWXDOO\DOORIZKLFKZHUHHLWKHUPLOLWDU\



























0HWKRGV 7KH VDPSOH LQFOXGHG  FKLOGUHQ  PDOWUHDWHG FKLOGUHQ
UHPRYHG IURP WKHLU KRPHV LQ WKH VL[PRQWKV SULRU WR VWXG\ HQWU\ GXH WR
VXEVWDQWLDWHG UHSRUWV RI DEXVH DQGRU QHJOHFW DQG  FRPPXQLW\FRQWURO







5HVXOWV 9DULDWLRQ LQ WKH VHURWRQLQ +7% UHFHSWRU JHQH SUHGLFWHG WKH
GHYHORSPHQWRI376' LQ WKHPDOWUHDWHG FKLOGUHQ ULVN IRU GHSUHVVLRQZDV
PRGHUDWHGE\WKHVHURWRQLQWUDQVSRUWHUJHQHSURPRWHUSRO\PRUSKLVP+7
7/35DQGWKHJHQHHQFRGLQJWKHJDPPDDPLQREXW\ULFDFLG*$%$D




























1RUHSLQHSKULQH DSSHDUV WR SOD\ DQ LPSRUWDQW UROH LQ RULHQWLQJ EHKDYLRUV
VHOHFWLYH DWWHQWLRQ YLJLODQFH DQG FDUGLRYDVFXODU UHVSRQVHV WR WKUHDWHQLQJ
HYHQWV 1RUHSLQHSKULQH DOVR LV FULWLFDOO\ LQYROYHG LQ WKH HQFRGLQJ DQG
FRQVROLGDWLRQRI HPRWLRQDOPHPRULHV3V\FKRSK\VLRORJLFDO KRXUXULQH
H[FUHWLRQ SODVPD UHFHSWRU ELQGLQJ ,9 FKDOOHQJH EUDLQ LPDJLQJ DQG
SV\FKRSKDUPDFRORJLFDO VWXGLHV KDYH DOO SURYLGHG HYLGHQFH IRU G\VUHJXOD




























UHODWLRQVKLSEHWZHHQRSLRLG UHFHSWRUV DQGEHKDYLRUDOPHDVXUHVRI DOFRKRO
GHSHQGHQFH 5HVXOWV VKRZ WKDW WKHUH DUH VLJQL¿FDQW LQYHUVH UHODWLRQVKLSV






LQKLELWLRQ RIPX UHFHSWRUV WKURXJKRXW WKH EUDLQ ,Q FRQWUDVW LQKLELWLRQ RI













WKH FOLQLFDO UHVSRQVH 7KHVH UHVXOWV WDNHQ WRJHWKHU GHPRQVWUDWH WKDW 3(7








GDWH FOLQLFDO WULDOV KDYH VKRZQ WKDW SV\FKRWKHUDS\ DQG SKDUPDFRWKHUDS\
SDUWLFXODUO\ WUHDWPHQW ZLWK VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV DUH HI
IHFWLYH WUHDWPHQW RSWLRQV IRU SDWLHQWVZLWK 376'+RZHYHU D VXEVWDQWLDO















:KLOH SDQLF GLVRUGHU ZDV LQLWLDOO\ WKRXJKW WR EH D GRPDLQ IRU WUHDWPHQW
ZLWKEHQ]RGLD]HSLQHVWKHUHLVQRZDPSOHHYLGHQFHWKDWDQWLGHSUHVVDQWVZLWK




RI VHURWRQLQQHXURQDOSDWKZD\V WKHUH LV D UDWLRQDOH IRU WKH WUHDWPHQWZLWK
DQWLGHSUHVVDQWVWKDWPRGXODWHVHURWRQHUJLFV\VWHPV,QFOLQLFDOWULDOVPHP
EHUV RI WKH 665, FODVV RI DQWLGHSUHVVDQWV UHGXFHG SDQLF DWWDFN IUHTXHQF\
WR ]HUR LQ  WR RI SDWLHQWV DQGZHUHZHOOWROHUDWHG RYHU ORQJWHUP

















WKH VDPH IDPLO\ LQGLFDWLQJ D VKDUHGGLDWKHVLV$FFRUGLQJ WR WZLQ VWXGLHV









3UHJDEDOLQ LV DQRYHO DQ[LRO\WLF IRUZKLFK UHJXODWRU\DSSURYDO LVSHQGLQJ
IRU*$'WUHDWPHQW












6WXGLHVVKRZWKDW LW LVFRVWHIIHFWLYH WRHPSRZHUQXUVHV WR WDNHFKDUJHRI
FDULQJIRUVXEMHFWV WKDWGRFWRUVKDYH WDUJHWHGIRU WUHDWPHQWRIDQ[LHW\DQG

















YHQODID[LQH PJGD\ DQG SDUR[HWLQH PJGD\ KDG VLPLODU









PHQWV'UXJ DQGSV\FKRORJLFDO WUHDWPHQWV GHOLYHUHG VLQJO\ KDYHEURDGO\
VLPLODU HI¿FDF\ LQ DFXWH WUHDWPHQW  EXW DFXWH WUHDWPHQWZLWK FRJQL
































RQVWUDWHV WKDW WKH QXPEHU RI FRQWUROOHG SKDUPDFRWKHUDS\ VWXGLHV UHPDLQV
UHODWLYHO\ ORZ VHHZZZPHQWDOKHDOWKVDFR]DFRFKUDQHFRFKUHYLHZVKWP
1HYHUWKHOHVVWKHUHLVHYLGHQFHIRUWKHHI¿FDF\RIDQWLGHSUHVVDQWVHVSHFLDOO\
WKHVHOHFWLYHVHURWRQLQ UHXSWDNH LQKLELWRUV7KHUH LVDSDXFLW\RI OLWHUDWXUH
DERXWDQXPEHURIFUXFLDOLVVXHVLQWKHSKDUPDFRWKHUDS\RI376'
&RQFOXVLRQV $ QXPEHU RI DJHQWV DUH QRZ DYDLODEOH IRU WKH HIIHFWLYH




















DJRQLVWV +7 DQG +7 DQWDJRQLVWV &&. DQWDJRQLVWV *$%$HUJLF
VXEVWDQFHV EHWDFDUEROLQHV VLJPD UHFHSWRU OLJDQGV WDFK\NLQLQ UHFHSWRU
DQWDJRQLVWV VXFK DV1. VXEVWDQFH 31. DQG1. DQWDJRQLVWV1.














WUDGLWLRQDO FOLQLFDO GHVFULSWLRQV RI DQ[LHW\ DQG GHSUHVVLRQ DUH DWKHRUHWLFDO
DQGKDYHOLPLWHGKHXULVWLFSRWHQWLDO&RJQLWLYHQHXURVFLHQFHRIIHUVLQFRQ
WUDVWDYLEUDQWQHZV\QWKHVLVRIZKDWZHNQRZDERXWKRZWKHEUDLQZRUNV
LQKHDOWKDQGPRUHVSHFXODWLYHO\ LQGLVHDVH7KHWDVNLV WR LGHQWLI\VHPL
GLVFUHWHFRPSRQHQWVRIFRJQLWLRQWKDWSURYLGHLQVLJKWVLQWRSDWKRSK\VLRORJ\
RUGUXJDFWLRQDQGKRZWKH\PD\FRQYHUJH














%KDJZDJDU HW DO  1RUPDOL]DWLRQ RI HQKDQFHG IHDU UHFRJQLWLRQ E\













2EMHFWLYHV 7KH SDVW GHFDGH KDV VHHQ DQ H[SORVLRQ RI QHXURLPDJLQJ






DQWHULRU FLQJXODWH FRUWH[ $&& LQ VXEMHFWV ZLWK 376' ([WHQGLQJ WKLV
UHVHDUFKWRLGHQWLFDO WZLQVGLVFRUGDQWIRUFRPEDWH[SRVXUHLQ9LHWQDPXV
LQJ D UHJLRQRILQWHUHVW 52, DSSURDFK ZH KDYH VKRZQ WKDW WKH VPDOOHU
KLSSRFDPSLDQGODUJHUQHLJKERULQJFDYDVHSWDSHOOXFLGLIRXQGLQYHWHUDQV
ZLWK376'DUHVKDUHGE\ WKHLU WZLQVZKRZHUHQHYHUH[SRVHG WRFRPEDW
7KLVVXJJHVWVWKDWKLSSRFDPSDOGLPLQXWLRQFRQIHUVYXOQHUDELOLW\IRU376'
XSRQWUDXPDH[SRVXUH:HKDYHUHFHQWO\UHSOLFDWHGWKLV¿QGLQJLQWKHVDPH
VXEMHFWV XVLQJ D YR[HOEDVHG PRUSKRPHWU\ 9%0 DSSURDFK 9%0 DOVR
UHYHDOHG YROXPHWULF GLPLQXWLRQV LQ URVWUDO$&&ZKLFK WR D OHVVHU H[WHQW
DSSHDUWREHVKDUHGE\WKHQRQFRPEDWWZLQVRIWKH376'YHWHUDQVDJDLQ



















6KLQ HW DO  5HJLRQDO FHUHEUDO EORRG ÀRZ LQ DP\JGDOD DQG PHGLDO
SUHIURQWDO FRUWH[ GXULQJ WUDXPDWLF LPDJHU\ LQ PDOH DQG IHPDOH 9LHWQDP
YHWHUDQVZLWK376'$UFK*HQ3V\FKLDWU\
5DXFKHW DO 6HOHFWLYHO\ UHGXFHG UHJLRQDO FRUWLFDOYROXPHV LQSRVW
WUDXPDWLFVWUHVVGLVRUGHU1HXURUHSRUW









2EMHFWLYHV7R WKLVGDWH WKHSDWKRSK\VLRORJ\RI DQ[LHW\GLVRUGHUV LV VWLOO
ODUJHO\XQNQRZQ6WXGLHVZLWKKLJKUHVROXWLRQPDJQHWLFUHVRQDQFHLPDJLQJ














&RQFOXVLRQV 1HXURLPDJLQJ ¿QGLQJV WKXV VXJJHVW DOWHUDWLRQV LQ VSHFL¿F
EUDLQUHJLRQVSDUWLFLSDWLQJLQSDWKRSK\VLRORJ\RIDQ[LHW\GLVRUGHUV1RQH
WKHOHVVDYDLODEOHVWXGLHVKDYHVXIIHUHGIURPOLPLWDWLRQVUHODWHGWRUHODWLYHO\



























5HVXOWV 7KH LPSDFW RI VH[ KRUPRQHV RQ EUDLQ IXQFWLRQLQJ LV IUHTXHQWO\
FLWHGDVRQHRIWKHIDFWRUVWKDWFRQWULEXWHWRWKHJHQGHUGLIIHUHQFHVREVHUYHG
LQWKHSUHYDOHQFHRXWFRPHDQGUHVSRQVHWRWUHDWPHQWRIPHQWDOGLVRUGHUV
)RUH[DPSOHDFFXPXODWLQJGDWDVXJJHVW WKDWDQ LQFUHDVHGYXOQHUDELOLW\ WR
GHSUHVVLRQDQGDQ[LHW\H[LVWV DPRQJ VXEJURXSVRIZRPHQGXULQJSHULRGV
RIKHLJKWHQHGKRUPRQDOYDULDELOLW\LHSUHPHQVWUXDOSHULRGVSXHUSHULXP
DQGWKHPHQRSDXVDO WUDQVLWLRQ,W LV WKHUHIRUHLQWXLWLYHWKDWJHQGHUUHODWHG
FKDUDFWHULVWLFV DQG KRUPRQH DVSHFWV VKRXOG EH WDNHQ LQWR DFFRXQW ZKLOH














6RDUHV &1 HW DO  (IIHFW RI UHSURGXFWLYH KRUPRQHV DQG VHOHFWLYH
HVWURJHQ UHFHSWRU PRGXODWRUV RQ PRRG GXULQJ PHQRSDXVH 'UXJV$JLQJ

&RKHQ /6 HW DO  3DUR[HWLQH FRQWUROOHG UHOHDVH IRU SUHPHQVWUXDO







2EMHFWLYHV1RWZLWKVWDQGLQJ H[LVWHQW¿UVW OLQH LQWHUYHQWLRQV IRU WKH WUHDW
PHQW RI DQ[LHW\ GLVRUGHUV DSSUR[LPDWHO\  WR  RI SDWLHQWV IDLO WR
UHDFK UHVSRQGHU VWDWXV DIWHU DFXWH WUHDWPHQWZLWK DQ HYHQ JUHDWHU SURSRU
WLRQ UHPDLQLQJ DW OHDVW VRPHZKDW V\PSWRPDWLF 5HPLVVLRQ UDWHV ZKLFK






WDUJHW FOLQLFDOO\ XQH[SORUHG QHXURWUDQVPLVVLRQ V\VWHPV HJ JOXWDPDWH
VXEVWDQFH3DQGWKH+3$D[LV
0HWKRGV 7KLV SUHVHQWDWLRQZLOO UHYLHZ WKH DYDLODEOH V\VWHPDWLF GDWD UH
JDUGLQJ WKHVH QHZHU WKHUDSHXWLF VWUDWHJLHV IRU DQ[LHW\ GLVRUGHUV SRWHQWLDO
IXWXUHWKHUDSLHVDQGWKHUHODWLYHEHQH¿WVRIFRPELQDWLRQVWUDWHJLHVWRPDQ
DJHSDWLHQWVZKRUHPDLQV\PSWRPDWLFGHVSLWHLQLWLDOWUHDWPHQW







.LQU\V * :\JDQW /( 3DUGR 7 0HOR 0 ,Q SUHVV /HYHWLUDFHWDP IRU

























D ODUJHU SDQHO RI ELRPDUNHUV IRU GLIIHUHQW SDWKRJHQLF SURFHVVHV:H KDYH










































UHODWHG WDXRSDWKLHV ,QQRUPDODJLQJ WDXDJJUHJDWHVZHUH UHVWULFWHG WR WKH
KLSSRFDPSDOIRUPDWLRQZKHUHDV WKH\ LQYDGHG WKHHQWLUHFHUHEUDOFRUWH[ LQ
$' SDWLHQWV ,Q0&, FDVHV VRPH VXEMHFWV GLVSOD\HG ERWK DJJUHJDWHG WDX







&RQFOXVLRQV7KH FODVVL¿FDWLRQ RI QHXURGHJHQHUDWLYH GLVRUGHUV DFFRUGLQJ
WR WKHLUPDMRUSURWHLQ DJJUHJDWHV LV OLNHO\ WREH WRR VLPSOLVWLF5HJDUGLQJ
DP\ORLGSDWKRORJ\LW LVV\VWHPDWLFDOO\IRXQGLQERWK$'DQG/%'7KHVH
GDWD VXJJHVW WKDW D G\VIXQFWLRQ LQ WKHPHWDEROLVPRI WKH DP\ORLG SUHFXU
VRU $33 OHDGLQJ WR DP\ORLG GHSRVLWLRQ PD\ WULJJHU QHXURQDO GHDWK LQ
GLIIHUHQW QHXURQDO VXESRSXODWLRQV FKDUDFWHUL]HG E\ WKHLU FRQWHQW LQ HLWKHU































0HWKRGV :H ZLOO GHPRQVWUDWH WKH DSSOLFDWLRQ RI WZRGLPHQVLRQDO GLI
IHUHQFH JHO HOHFWURSKRUHVLV ',*(70 VXUIDFH HQKDQFHG ODVHU GHVRUS
WLRQ LRQL]DWLRQ WLPH RI ÀLJKW PDVV VSHFWURPHWU\ 6(/',72) 06
ÀXRUHVFHQFH FRUUHODWLRQ VSHFWURVFRS\ )&6 WZRGLPHQVLRQDO XUHDEDVHG























'$ SURGXFLQJ FHOOV LQ WKH VXEVWDQWLD QLJUD $ DQG WR D OHVVHU H[WHQW







EHKDYLRU WR LQWHUQDO VWLPXOL IURP WKHPLOLHX LQWHUQGULYHVDQG LQVWLQFW WR
VXUYLYHLQFOXGLQJEUDG\NLQHVLDK\SRNLQHVLDULJLGLW\DQGWUHPRU
,QWKHSDWLHQWVZLWKDQFRPELQHGVWULDWDODQGFRUWLFROLPELF'$GH¿FLHQF\
WKHVHPRWRU V\PSWRPVPLJKW EH DFFRPSDQLHGE\PRRGGLVRUGHUV VXFK DV




VXFK DV PLOG RUWKRVWDWLF K\SRWHQVLRQ DQG SUREOHPV ZLWK PLFWXUDWLRQ DQG
SRWHQF\DVZHOODVPRRGDQGVOHHSGLVRUGHUVDQGVXEWOHFRJQLWLYHSUREOHPV
HYHQWXDOO\PD\HYROYHDVDUHVXOWRIQRUDGUHQHUJLFVHURWRQHUJLFFKROLQHUJLF
FRSDWKRORJ\ LQ 3DUNLQVRQµV GLVHDVH $V SUHGLFWDEOH HVSHFLDOO\ LQ WKH























LQHG WKHVHJHQHSURGXFWV LQDIIHFWLYHGLVRUGHUVDQGD V\VWHPDWLFDSSURDFK


















0HWKRGV 7KH SUHVHQW &K(, GR QRW H[KLELW QHXURSURWHFWLYH DFWLYLW\ :H
KDYHGHYHORSHGVHYHUDOQRYHOPXOWLIXQFWLRQDOQHXURSURWHFWLYHGUXJVKDYLQJ
HLWKHU$&K(EUDLQ VHOHFWLYH0$2 LQKLELWRU\ DFWLYLW\ RU0$2 LQKLELWRU\
LURQFKHODWLQJSURSHUW\7KHVHFRPSRXQGVSRVVHVVSKDUPDFRSKRUHVRIRXU
QHXURSURWHFWLYHDQWL3DUNLQVRQ0$2%LQKLELWRUUDVDJLOLQH
5HVXOWV ODGRVWLJLO 1SURSDUJ\O5DPLQRLQGDQ\OHWK\O PHWK\O FDU




ULYDVWLJPLQH ,WV EUDLQ VHOHFWLYH 0$2$% LQKLELWRU\ LQFUHDVHV GRSDPLQ










$NW SKRVSKRU\ODWLRQ VXJJHVWLQJ DQ LQWHUDFWLRQZLWKPLWRFKRQGULDO SHUPH
DELOLW\WUDQVLWLRQSRUH037S
&RQFOXVLRQV :H EHOLHYH WKDW WKHVH QRYHO PXOWLIXQFWLRQ QHXURSURWHFWLYH
GUXJV PD\ KDYH D EHWWHU WUHDWPHQW SUR¿OH LQ QHXURGHJHQHUDWLYH GLVHDVHV












5HJDUGLQJ WUHDWPHQW ZLWK DQWLGHSUHVVDQWV FRQWUROOHG VWXGLHV IXO¿OOLQJ WKH
VWDQGDUGVRIHYLGHQFHEDVHGPHGLFLQHDUH UDUH7ULF\FOLFVVR IDUDSSHDU WR
EH HIIHFWLYH GXH WR WKHLU DQWLFKROLQHUJLF VLGH HIIHFWV LQFOXGLQJ LQFUHDVHG
ULVN IRU GHOLULXPDQG UHGXFHG FRJQLWLYH IXQFWLRQ665,V DUH FRQVLGHUHG DV
¿UVW OLQH WKHUDS\6LGHHIIHFWV OLNHGHFUHDVHGPRWRU IXQFWLRQDQGDJLWDWLRQ
KDYHEHHQ UHSRUWHG KRZHYHU1HZGRSDPLQH DJRQLVWV VHHP WR KDYH DQWL




































VXEW\SHVRIGHPHQWLDDQ LQFUHDVH LQ WRWDO DEVROXWHGHOWDDQG WKHWDSRZHU
IXUWKHUDQLQFUHDVHLQUHODWLYHGHOWDWKHWDGHFUHDVHLQDOSKDDQGEHWDSRZHU
DV ZHOO DV DQ DFFHOHUDWLRQ RI WKH GHOWDWKHWD DQG D VORZLQJ RI WKH DOSKD
EHWDDQGWRWDOFHQWURLG7KXVERWKVXEW\SHVRIGHPHQWLDVKRZDYLJLODQFH
GHFUHPHQW ZLWK GLIIHUHQFHV EHWZHHQ WKHP UDWKHU O\LQJ LQ WKH DV\PPHWU\
LQGLFHV DQG GLIIHUHQFHV EHWZHHQ WKHPLQLPDO DQGPD[LPDO SRZHU8WLOL]
LQJ QHXURQDO QHWZRUN VWDWLVWLFV RI DEVROXWH GHOWDWKHWD SRZHU RI GH
PHQWHGSDWLHQWVZHUHFRUUHFWO\FODVVL¿HGDVFRPSDUHGZLWKQRUPDOO\DJLQJ
VXEMHFWV &RUUHODWLRQ PDSV UHJDUGLQJ WKH UHODWLRQVKLS EHWZHHQ FRPSXWHG
WRPRJUDSK\ FOLQLFDO SV\FKRPHWULF DQG ((* YDULDEOHV GHPRQVWUDWHG WKH
OHVV FRUWLFDO GHQVLW\ WKHZLGHU WKH &)6 VSDFHV LQ WKH &7 WKH KLJKHU WKH






((* PDSSLQJ LQ GHSUHVVLRQ RQ WKH RWKHU KDQG ZDV FKDUDFWHUL]HG E\ D
GHFUHDVH LQDEVROXWHSRZHU LQDOO IUHTXHQF\EDQGVD WHQGHQF\ WRZDUGVDQ
DXJPHQWDWLRQRIUHODWLYHGHOWDWKHWDDQGEHWDDQGDGHFUHDVHLQDOSKDDFWLYLW\
DVZHOODVD VORZLQJRI WKHGHOWDWKHWDFHQWURLGDQGDQDFFHOHUDWLRQRI WKH
DOSKD DQG EHWD FHQWURLG 3KDUPDFR((*PDSV RI DQWLGHSUHVVDQWVPD\ EH
VXEGLYLGHGLQWRWKRVHRIWKHVHGDWLYHDQGQRQVHGDWLYHVXEW\SH,Q(53VDQ
DPSOLWXGHDWWHQXDWLRQRI3LVWKHPRVWFRQVLVWHQW¿QGLQJPRVWO\LQWKH
SUHIURQWDO DUHDV /25(7$ UHYHDOHG D GHFUHDVH LQ WKHWD SRZHUZKLFKZDV
QHJDWLYHO\FRUUHODWHGZLWKWKH+DPLOWRQ'HSUHVVLRQ6FRUHVLJQL¿FDQWO\LQ
WKH YHQWURPHGLDO SUHIURQWDO FRUWH[ WKH ELODWHUDO DQWHULRU FLQJXODWH J\UXV
DVZHOODV WKHOHIW LQVXODUFRUWH[$OSKD/25(7$SRZHUZDVQHJDWLYHO\
FRUUHODWHGZLWK WKH+$0'LQ WKH ULJKWSUHIURQWDOFRUWH[0RUHRYHU3





ZHUH VHHQ LQ WKH VDPH UHJLRQV DV GHVFULEHG E\ 3(7 ¿QGLQJV FRQ¿UPLQJ






















































GHPHQWLD GLVRUGHUV OLNH$O]KHLPHUV GLVHDVH IURQWRWHPSRUDO GHJHQHUDWLRQ
DQG YDVFXODU GHPHQWLD 0DJQHWLF UHVRQDQFH LPDJLQJ KDV LPSURYHG GLDJ
QRVWLF FDSDFLW\GXH WR LWV SRWHQWLDO LQ GHWHFWLQJZKLWHPDWWHU FKDQJHV DQG




KRZHYHU WKLVNQRZOHGJH LV VHOGRPXVHGPDLQO\GXH WRXQFHUWDLQW\ LQ LWV




ZDV VHDUFK IRU DQG HYDOXDWHG DFFRUGLQJ WR FHUWDLQ TXDOLW\ FULWHULD 7KH




















QDQFH ,PDJLQJ I05, KDV JUHDWO\ LQFUHDVHG RXU DELOLW\ IRU VWXG\LQJ GLV
HDVHUHODWHGFKDQJHVLQEUDLQIXQFWLRQDQGWRSURYLGHLQVLJKWLQWRWKHRULJLQV













SURQRXQFHGZLWK LQFUHDVLQJ WDVNGLI¿FXOW\DQGHYHQ OHVVSURQRXQFHGZLWK
PRUHPDQLIHVW FRJQLWLYHGLVWXUEDQFHV LQ$'SDWLHQWV0RUHRYHU WKHYDUL
DQFHDURXQGWKHUHJUHVVLRQ OLQHEHWZHHQWDVNGLI¿FXOW\DQG&%)VHHPVWR
EHLQFUHDVHGLQWKHSDWLHQWJURXSFRPSDUHGWRWKHKHDOWK\JURXSV,QKHDOWK\





QHWZRUNZKHQPDQ\QHXURQVDUHRSHUDWLQJ IRUD VKRUWHU WLPHDV LQD OHVV
VSHHGHI¿FLHQWQHWZRUNZKLFKRSHUDWHVIRUDORQJHUWLPH7KLVVHHPVWREH
YDOLGIRURQHWDVNGHPDQGFDWHJRU\VLQFHDVWKHWDVNEHFRPHVPRUHGLI¿FXOW
LQFUHDVHG WDVNGHPDQG WKHUHZDV DQ LQFUHDVH LQ WRWDO EUDLQ DFWLYLW\7KH
DOWHUDWLRQVIRXQGLQHOGHUO\VXEMHFWVDQGLQSDWLHQWVZLWKFRJQLWLYHLPSDLU
PHQWPD\DOVRUHÀHFWDQDOWHUDWLRQLQWKHYDVFXODUUHJXODWRU\PHFKDQLVPV





$GDSWDWLRQ WRQHXURQDO G\VIXQFWLRQPD\EH DFKLHYHGE\G\QDPLF UHFUXLW



























RQO\PLQRU GLIIHUHQFHV LQ WHUPV RIPHPRU\ SHUIRUPDQFH 6XFKPRGHUDWH
DVVRFLDWLRQVKDYHEHHQUHSHDWHGO\GHVFULEHGLQFURVVVHFWLRQDOVWXGLHVEXW
FRXOG QRW \HW EH VKRZQ LQ ORQJLWXGLQDO LQYHVWLJDWLRQV )LUVW VWXGLHV XVLQJ
QHZ05, WHFKQLTXHV VXFK DV GLIIXVLRQ WHQVRU LPDJLQJ DQGPDJQHWLVDWLRQ
WUDQVIHULPDJLQJSURPLVHWRFKDUDFWHULVHZKLWHPDWWHUOHVLRQVOHVLRQVEH\RQG






HUDWLYHSURFHVVHV DQG WKDW WKH\FRQWULEXWH WR VSHFL¿FFRJQLWLYHPDQLIHVWD
























&RPSXWHU7RPRJUDSK\ KDV VLQFHPDQ\ \HDUV EHHQ XVHG LQ WKH GHPHQWLD




















&RQFOXVLRQV 7KH VHQVLWLYLW\ VSHFL¿FLW\ DQG /5 LQGLFDWH WKDW 63(&7¶V


























GULDO'1$ PW'1$ UKRZHUH H[SRVHG WR$EHWDDQGDQG
FHOO YLDELOLW\ ZDV HYDOXDWHG 17 FHOOV H[SUHVVLQJ HQGRJHQRXV PW'1$












7R IXUWKHUDQDO\VH WKH LQYROYHPHQWRIPW'1$$'F\EULGVZHUHH[SRVHG
WR$EHWD DQG FRPSDUHG WR FRQWURO F\EULGV:HKDYH IRXQGD&2;DFWLY
LW\UHGXFWLRQDQGDGHFUHDVHLQ$73OHYHOVLQ$'F\EULGV:KHQWKHVHFHOO
























0HWKRGV ,Q RUGHU WR LQYHVWLJDWH WKH SUHFLVH PHFKDQLVPV XQGHUO\LQJ WKH
DFWLRQRI$ȕDQGRUH[SUHVVLRQRIPXWDQWDP\ORLGSUHFXUVRUSURWHLQ$33VZ
EHDULQJ WKH 6ZHGLVKPXWDWLRQ RQPLWRFKRQGULDO IXQFWLRQZH XVHGPXOWL




ZLWKLQ ORZQDQRPRODU UDQJH WRVWXG\GRVHGHSHQGHQWHIIHFWVRI$ȕ LQDQ
LQ YLWUR VHWWLQJ FKDUDFWHULVHG E\ FKURQLF$ȕ SURGXFWLRQ GXH WR LQFUHDVHG
$33SURFHVVLQJ$IWHUH[WUDFHOOXODU$ȕWUHDWPHQW WRGLVWLQJXLVKFKURQLF





5HVXOWV 2XU GDWD GHPRQVWUDWH WKDW 3& FHOOV DQG +(. FHOOV EHDULQJ
$33VZ H[KLELWLQJ VXEVWDQWLDO $ȕ OHYHOV KDYH LQFUHDVHG 12 OHYHOV DQG
UHGXFHG$73OHYHOV7KHLQKLELWLRQRILQWUDFHOOXODU$ȕSURGXFWLRQE\DIXQF
WLRQDOJDPPDVHFUHWDVHLQKLELWRUQRUPDOL]HV12DQG$73OHYHOVLQGLFDWLQJ










DOUHDG\ VKRZ D VLJQL¿FDQWO\ GHFUHDVHGPLWRFKRQGULDOPHPEUDQH SRWHQWLDO
XQGHUEDVDOFRQGLWLRQV.HLOHWDO











0LWRFKRQGULDO G\VIXQFWLRQ LQFOXGLQJ R[LGDWLYH GDPDJH WR PLWRFKRQGULDO
'1$PW'1$KDVORQJEHHQVSHFXODWHGWREHLQYROYHGLQDJLQJDQGLQDJH
UHODWHGQHXURGHJHQHUDWLYHGLVHDVHVVXFKDV3''/%DQG$'7KHUHKDYH
































WLYHR[\JHQVSHFLHV 526$PLWRFKRQGULDO WKHRU\RIDJLQJGHULYHV IURP







0HWKRGV$ SUHYLRXV VWXG\ZH GHPRQVWUDWHG WKDW 3& FHOOV EHDULQJ WKH
VZHGLVKGRXEOHPXWDWLRQLQWKH$33JHQH$33VZDQGH[KLELWLQJVXEVWDQ
WLDO$ȕ OHYHOV VKRZ VHYHUDO VLJQV RIPLWRFKRQGULDO G\VIXQFWLRQ LQFOXGLQJ











ZHUH LQYHVWLJDWHG WR LPSURYHPLWRFKRQGULDO G\VIXQFWLRQ IROORZLQJ DJLQJ
R[LGDWLYHVWUHVVDVZHOODV$ȕH[SRVXUH%HVLGHVDSSURDFKHVWRUHPRYH$ȕ






















2EMHFWLYHV$ UHFHQW VWXG\ FRQGXFWHG LQ FRPPXQLW\HOGHUO\ OLYLQJ LQ WKH
86$ VKRZHG DQ LQGHSHQGHQW DVVRFLDWLRQ RI 0HWDEROLF 6\QGURPH DQG
\HDU FRJQLWLYHGHFOLQH7RRXU NQRZOHGJH WKLV LV WKH¿UVW VWXG\RQ WKLV
VXEMHFW DQG WKHVH REVHUYDWLRQV QHHG IXUWKHU FRQ¿UPDWLRQ:H XVHG GDWD
IURPWKH7KH%DPEXt+HDOWKDQG$JHLQJ6WXG\%+$6WRGHWHUPLQHLIWKH








DQG GHDWK FHUWL¿FDWHV YHUL¿FDWLRQ ,Q SUHGHWHUPLQHG LQWHUYDOV SK\VLFDO
PHDVXUHPHQWVDQGEORRGWHVWVDUHUHSHDWHG'XULQJWKH¿UVW\HDUIROORZ





























WLD LQFHQWUHV LQPDLQO\GHYHORSLQJFRXQWULHV LQ/DWLQ$PHULFD WKH
&DULEEHDQ$IULFD,QGLD&KLQDDQG6($VLD
5HVXOWV :H KDYH GHPRQVWUDWHG WKH IHDVLELOLW\ RI GLDJQRVLQJ GHPHQWLD


















&RQFOXVLRQV$',¶V  'HPHQWLD 5HVHDUFK *URXS LV QRZ FRQGXFWLQJ

























*+4 DQG *'6 ZHUH DGPLQLVWHUHG DV D FRPPRQ PHQWDO GLVRUGHU
DQG GHSUHVVLRQ VFUHHQLQJZKLOH6&$1 6FKHGXOH RI&OLQLFDO$VVHVVPHQW
RI1HXURSV\FKLDWU\ DV WKHGLDJQRVWLF LQWHUYLHZ7KH LQWHUQDO FRQVLVWHQF\
IDFWRUDQDO\WLFSUR¿OHDQG WKHFULWHULRQYDOLGLW\RI*'6ZHUHFKHFNHG
)XUWKHUPRUHWKHHIIHFWVRIHDFKYDULDEOHZHUHWHVWHGRQ*'6





&RQFOXVLRQV 7KH *'6 VKRXOG SHUPLW WKH DVVHVVPHQW RI GHSUHVVLRQ




















0HWKRGV ,QGLYLGXDOV GLDJQRVHG E\ ORFDO FOLQLFLDQV DV KDYLQJ GHPHQWLD
DFFRUGLQJ WR '60 ,9 FULWHULD WRJHWKHU ZLWK WKHLU PDLQ FDUHJLYHU ZHUH
UHFUXLWHGIURPFHQWHUVLQGHYHORSLQJFRXQWULHV3HRSOHZLWKGHPHQWLD




DPRQJ /DWLQ $PHULFDQ  DQG ,QGLDQ  SHRSOH ZLWK GHPHQWLD

























GLI¿FXOW WR FRPSDUH EHFDXVH GLIIHUHQWPHWKRGV RI FDVH ¿QGLQJ KDYH XVHG
GLIIHUHQWFULWHULD
0HWKRGV 7KH$6,$'(3 VWXGLHV ZHUH XQGHUWDNHQ LQ D QXPEHU RI$VLDQ
FRXQWULHV XVLQJ UDQGRP SRSXODWLRQ VDPSOHV WKH VWDQGDUGLVHG *HULDWULF
0HQWDO6WDWH LQWHUYLHZDQG WKHFRPSXWHUDVVLVWHGGLDJQRVLV$*(&$7$OO
LQWHUYLHZHUVZHUHWUDLQHGLQWKHWHFKQLTXHV
5HVXOWV:KHUHDV OHYHOV RI GHPHQWLD YDULHG EHWZHHQ  DQG  OHYHOV RI
GHSUHVVLRQYDULHGEHWZHHQ+HIHLPDLQODQG&KLQDDQGLQUXUDO
7DLZDQRWKHU FHQWUHV LQ.RUHD -DSDQ0DOD\VLD DQG6LQJDSRUH IHOO LQEH
WZHHQ'LIIHUHQFHVLQWKHOHYHOVRIGHSUHVVLRQDUHFRQVLGHUDEOHWKHELJJHVW
GLIIHUHQFHV EHLQJ EHWZHHQ ODUJHO\ HWKQLF&KLQHVH SRSXODWLRQV LQ GLIIHUHQW
HQYLURQPHQWV






















7KHGLVWXUEDQFHRI WKH LQVXOLQVLJQDO WUDQVGXFWLRQSDWKZD\PD\EHDFHQ
WUDO DQG HDUO\ SDWKRSK\VLRORJLF HYHQW +R\HU  ,QFUHDVHG DFWLYLW\ RI
JO\FRJHQ V\QWKDVH NLQDVH  +RQJ  DQG UHGXFHG$73 IRUZDUG WKH
K\SHUSKRVSKRU\ODWLRQRIWDXSURWHLQWKDWLVFRQVLVWHQWO\KLJKO\LQFUHDVHGLQ
&6)+DPSHO
















LQJ WR%UDDN VWDJHV ,,, ,9 Q 3DUNLQVRQ'LVHDVH DFFRUGLQJ WR%UDDN










DQG DV LQ DGYDQFHG FRXUVH RI 6$'$PRQJ RWKHU IDFWRUV WKH H[SUHVVLRQ














+DPSHO + 7HLSHO 6- 7RWDO DQG SKRVSKRU\ODWHG WDX SURWHLQV HYDOXDWLRQ
DVFRUHELRPDUNHUFDQGLGDWHV LQ IURQWRWHPSRUDOGHPHQWLD'HPHQW*HULDWU
&RJQ'LVRUG
+RQJ 0 /HH 90 ,QVXOLQ DQG LQVXOLQOLNH JURZWK IDFWRU UHJXODWH WDX









P51$ H[SUHVVLRQ LQ$O]KHLPHUµV GLVHDVH - 1HXURFKHP  -XO
































5HVXOWV)LUVWR[LGL]HG WDXSURWHLQ LQ&6)ZDV LQFUHDVHG LQ$'SDWLHQWV
7KLV PHWKRG PLJKW GLIIHUHQWLDWH $' IURP RWKHU QHXURORJLFDO GLVHDVHV
LQFOXGLQJ QRUPDO SUHVVXUH K\GURFHSKDOXV 6HFRQG ELQGLQJ RI WKH ¿UVW
PHWKLRQLQHGHOHWHG WDXSURWHLQZDVH[DPLQHG DQG WKDW WKHELQGLQJRI WKH
SHSWLGHFRUUHVSRQGLQJWRWKH¿UVWPHWKLRQLQHGHOHWHGWDXEXWQRWWRQRUPDO
WDXZLWKRQHRIDQWLDSRSWRWLFSURWHLQVVXJJHVWLQJDFFHOHUDWLRQRIDSRSWRVLV






















0HWKRGV 5HFHQWO\ LPPXQRDVVD\V KDYH EHHQ GHYHORSHG GHWHFWLQJ WDX DW




UHOHYDQW GLIIHUHQWLDO GLDJQRVHV  LQFOXGLQJ IURQWRWHPSRUDO GHPHQWLD 
DQGPDMRUGHSUHVVLRQ3WDXOHYHOVGHFOLQHGZLWKGLVHDVHSURJUHVVLRQ





&RQFOXVLRQV &XPXODWLYH GDWD LQGLFDWHV WKDW TXDQWL¿FDWLRQ RI &6) SWDX




SURJUHVVLRQ GXULQJ WKH SUHGHPHQWLD DQG FOLQLFDO VWDJHV RI$'7KH1,$
ELRORJLFDO PDUNHUV ZRUNLQJ JURXS UHFRPPHQGV SWDX DV D IHDVLEOH FRUH
ELRPDUNHU FDQGLGDWH IRU ODUJHVFDOH YDOLGDWLRQ VWXGLHV DVZHOO DV FOLQLFDO
GUXJVWXGLHV
5HIHUHQFHV




 +DPSHO +  7RWDO DQG SKRVSKRU\ODWHG WDX SURWHLQV (YDOXDWLRQ
DVFRUHELRPDUNHUFDQGLGDWHV LQ IURQWRWHPSRUDOGHPHQWLD'HPHQW*HULDWU
&RJQ'LVRUG
%XHUJHU. 'LIIHUHQWLDWLRQ RI*HULDWULF0DMRU'HSUHVVLRQ IURP






+DPSHO+ 0HDVXUHPHQWRISKRVSKRU\ODWHG WDX HSLWRSHV LQ WKH



















SWDX  OHYHOV LQ WKH$' JURXS ZHUH VLJQL¿FDQWO\ HOHYDWHG S
FRPSDUHGWRWKRVHLQDOOWKHRWKHUQRQ$'JURXSVLQFOXGLQJDFXWHQHXURORJL
FDOFRQGLWLRQVVXFKDVPHQLQJRHQFHSKDOLWLVDQG&UHXW]IHOGW-DFREGLVHDVH
5HFHLYHU RSHUDWLQJ FKDUDFWHULVWLFV 52& FXUYH DQDO\VLV GHPRQVWUDWHG D
VHQVLWLYLW\RIDQGDVSHFL¿FLW\RIIRUWKH&6)SWDX:H



















2EMHFWLYHV 7R UHYLHZ V\VWHPDWLFDOO\ WKH OLWHUDWXUH RQ SV\FKRVRFLDO DQG









IURP$'$ LQGLFDWHVJRRGTXDOLW\5&7VDQG' LQGLFDWHV LQFRQVLVWHQWRU
LQFRQFOXVLYHVWXGLHV
5HVXOWV 0XVLFPXVLF WKHUDS\07 ZDV WKH FRPPRQHVW IRUP RI VHQVRU\
HQKDQFHPHQW:HLGHQWL¿HG07LQWHUYHQWLRQV7KH*5IRUPXVLFWKHUDS\












VHVVLRQ EXW KDG QR ORQJHUWHUP HIIHFWV 6SHFL¿F HGXFDWLRQ IRU FDUHJLYLQJ
VWDII DERXW PDQDJLQJ 136 EXW RWKHU HGXFDWLRQDO LQWHUYHQWLRQV ZHUH QRW
&KDQJLQJ WKH YLVXDO HQYLURQPHQW ORRNHG SURPLVLQJ EXW PRUH UHVHDUFK LV
QHHGHG/DFNRIHYLGHQFHUHJDUGLQJRWKHUWKHUDSLHVLVQRWHYLGHQFHRIODFN














2EMHFWLYHV 7R UHYLHZ V\VWHPDWLFDOO\ WKH OLWHUDWXUH RQ SV\FKRORJLFDO DS
SURDFKHV WR WUHDWLQJ WKH QHXURSV\FKLDWULF V\PSWRPV 136 RI GHPHQWLD
WKURXJKWKHIDPLO\DQGIRUPDOFDUHJLYHU





















'LVFXVVLRQ 2QO\ VHOHFWHG EHKDYLRXU PDQDJHPHQW WKHUDSLHV DQG VSHFL¿F
W\SHV RI VWDII HGXFDWLRQ DSSHDU WR KDYH ODVWLQJ HIIHFWLYHQHVV IRU WKHPDQ












%DFNJURXQG7KHQHXURSV\FKLDWULF V\PSWRPVRI GHPHQWLD 136 LQFOXGH
VLJQV DQG V\PSWRPV RI GLVWXUEHG SHUFHSWLRQ WKRXJKW FRQWHQW PRRG RU
EHKDYLRXU$ERXW D WKLUG RI GHPHQWLD SDWLHQWV ZLWK PLOG LPSDLUPHQW DQG
WZR WKLUGV ZLWK PRUH VHYHUH LPSDLUPHQW KDYH FOLQLFDOO\ VLJQL¿FDQW 136





0HWKRGV7KHPDWHULDO UHSRUWHG LV SDUW RI D ODUJHU UHYLHZRI SV\FKRORJL
FDO DQG SV\FKRVRFLDO LQWHUYHQWLRQV IRU1367KLV SUHVHQWDWLRQ IRFXVHV RQ
SDWLHQWWDUJHWHGWKHUDS\GHULYHGIURPDSV\FKRORJLFDODSSURDFKWKDWVDWLV¿HG
SUHVSHFL¿HGFULWHULD:HVHDUFKHGHOHFWURQLFGDWDEDVHVXQWLO-XO\DQG
UHIHUHQFHVRI UHYLHZDUWLFOHV IRU VWXGLHV WKDW UHSRUWHGSV\FKRORJLFDO LQWHU
YHQWLRQVIRUSHRSOHZLWKGHPHQWLDZKLFKZHUHHLWKHUDGLUHFWRUSUR[\PHDV
XUH RI EHKDYLRXUDO RU SV\FKRORJLFDO FKDQJH LQ SHUVRQZLWK GHPHQWLD:H
H[WUDFWHGGDWDDQGDVVLJQHGD&(%0OHYHORIHYLGHQFHWRLQGLYLGXDOVWXGLHV




RULHQWDWLRQ DQG FRJQLWLYH VWLPXODWLRQ DQG QRQVSHFL¿F WKHUDSLHV PDLQO\
EHKDYLRXUPDQDJHPHQW WHFKQLTXHV)RUHDFKFODVVRI LQWHUYHQWLRQZHDV
VLJQHGDJUDGHRIUHFRPPHQGDWLRQ*5UDQJLQJIURP$FRQVLVWHQW OHYHO
VWXGLHV WR'OHYHOVWXGLHVRU WURXEOLQJO\LQFRQVLVWHQWRU LQFRQFOXVLYH
VWXGLHVDWDQ\OHYHO
5HVXOWV2YHUDOOZHLGHQWL¿HGSDSHUVRIZKLFKVDWLV¿HGLQFOXVLRQ
FULWHULD  RI WKHVH DGGUHVVHG SDWLHQWWDUJHWHG SV\FKRORJLFDO DSSURDFKHV
&RJQLWLYHVWLPXODWLRQDQGEHKDYLRXUDOPDQDJHPHQW WHFKQLTXHVFHQWUHGRQ
LQGLYLGXDOSDWLHQWV¶EHKDYLRXUERWKZLWK*5RI%ZHUHHIIHFWLYHWUHDWPHQWV
DQG WKHLU EHQH¿WV ODVWHG IRUPRQWKV5HPLQLVFHQFH YDOLGDWLRQ DQG UHDOLW\
RULHQWDWLRQDOOVKRZHGLQFRQVLVWHQWUHVXOWVDQGD*5RI'
'LVFXVVLRQ 2QO\ FRJQLWLYH VWLPXODWLRQ DQG VHOHFWHG EHKDYLRXU PDQDJH



















RI UHYLHZ DUWLFOHV IRU VWXGLHV ZKLFK UHSRUWHG SV\FKRORJLFDO LQWHUYHQWLRQV
ZLWK D TXDQWLWDWLYH SV\FKRORJLFDO RXWFRPH IRU IDPLO\ FDUHJLYHUV:H H[
WUDFWHGGDWDDQGDVVLJQHGD&(%0OHYHORIHYLGHQFHWRLQGLYLGXDOVWXGLHV











GHSUHVVLRQ7KHRWKHU5&7VDOVR VKRZHGQREHQH¿WRI WKH LQWHUYHQWLRQ
2QHRIWKHIXUWKHUWZROHYHOVWXGLHVIRXQGDVLJQL¿FDQWLQFUHDVHLQEXUGHQ
DQGRQHQRVLJQL¿FDQWGLIIHUHQFH7KH*5IRUSV\FKRHGXFDWLRQLV'DVWKH
EHVW VWXGLHV VXJJHVW LW LV LQHIIHFWLYH7KHUHZHUH  VWXGLHV RI%07 6L[
ZHUHOHYHODQGIRXQGVLJQL¿FDQWLPSURYHPHQWVLQDQ[LHW\DQGGHSUHVVLYH
V\PSWRPV EXUGHQ ZHOOEHLQJ DQG FRSLQJ VNLOOV ERWK LPPHGLDWHO\ DQG DW
YDU\LQJWLPHVXSWR\HDUV0RVWRIWKHRWKHUVWXGLHVDOVRUHSRUWHGSRVLWLYH
UHVXOWV7KHRYHUDOO*5IRU%07LV$7KHUHZHUHVWXGLHVRI67RIZKLFK
ZHUH5&7V7KHRQO\ OHYHO  VWXG\ VKRZHGQR VLJQL¿FDQW GLIIHUHQFH LQ
HLWKHU GHSUHVVLRQ RU EXUGHQ$ ODUJH OHYHO  VWXG\ VKRZHG QR GLIIHUHQFH
LQ GHSUHVVLYH V\PSWRPV EXW D VPDOO OHYHO  VWXG\ VKRZHG LPSURYHPHQW
LQGHSUHVVLYHV\PSWRPVEXWQRWLQEXUGHQ7KH*5IRU67LV'DVWKHUHLV
KLJKOHYHOHYLGHQFHWKDWLWLVLQHIIHFWLYH7KHUHZHUHVWXGLHVRI'672QH
YHU\ VPDOO SLORW5&7RI FRJQLWLYH VWLPXODWLRQ WKHUDS\ &67ZLWKSHRSOH
ZLWKGHPHQWLDIRXQGDVLJQL¿FDQWGHFUHDVHLQSV\FKRORJLFDOGLVWUHVVLQWKH


















2EMHFWLYHV 'HSUHVVLRQ LV FRPPRQ LQ$O]KHLPHU¶V GLVHDVH $' 











WLRQ JHQGHU DQG OLYLQJ VLWXDWLRQV DQG WKHLU FDUHJLYHU XVLQJ VWDQGDUGLVHG
FRJQLWLYHSV\FKRORJLFDODQGEHKDYLRXUDOLQVWUXPHQWV3K\VLFDOH[DPLQDWLRQ
DQGUHOHYDQWEORRGWHVWVZHUHSHUIRUPHG([HUFLVHOHYHOVZHUHFODVVL¿HGLQWR




 QRQGHSUHVVHG RGGV UDWLR 25  FRQ¿GHQFH LQWHUYDO
&,   S  7KHUH ZDV QR VLJQL¿FDQW UHODWLRQVKLS EHWZHHQ
GHSUHVVLRQDQGRWKHUYDVFXODUULVNIDFWRUV1RWWDNLQJSDUWLQRWKHUDFWLYLWLHV
KREELHVDQGLQWHUHVWVZDVDVVRFLDWHGZLWKGHSUHVVLRQEXWOHVVVRWKDQODFN
RI H[HUFLVH ,QGHSHQGHQW SUHGLFWRUV RI GHSUHVVLRQ ZHUH ODFN RI H[HUFLVH
S 25  &,  WDNLQJ FKROLQHVWHUDVH LQKLELWRUV S














UHODWLRQVKLS WR WKHFRVWVRIFDUH± WKH/$6(5$'6WXG\&XUUHQW0HGLFDO
5HVHDUFKDQG2SLQLRQ
3DWRQ - -RKQVWRQ..DWRQD& DQG/LYLQJVWRQ* :KDW FDXVHV








2EMHFWLYHV 7R GHVFULEH WKH UHODWLRQVKLSV EHWZHHQ YDVFXODU GLVHDVH DQG
GHSUHVVLYHGLVRUGHUVLQROGHUSHRSOH
0HWKRGV 5HYLHZ RI OLWHUDWXUH DQG GHVFULSWLRQ RI RULJLQDO UHVHDUFK SHU
IRUPHGLQ0HOERXUQH
5HVXOWV &DUGLDF GLVHDVH LV DVVRFLDWHG ZLWK DQ LQFUHDVHG SUHYDOHQFH RI
GHSUHVVLRQDQGGHSUHVVLRQDSSHDUV WREHDULVNIDFWRUIRU WKHGHYHORSPHQW
RI LVFKDHPLFKHDUWGLVHDVH'HSUHVVHGP\RFDUGLDO LQIDUFWLRQ 0,SDWLHQWV
KDYH LQFUHDVHG GHDWK UDWHVZKHQ FRPSDUHG WR QRQGHSUHVVHG0, SDWLHQWV
7UHDWPHQWZLWKVHUWUDOLQHIRUGHSUHVVHG0,SDWLHQWVLVVDIHDQGHIIHFWLYHLQ
WUHDWLQJGHSUHVVLRQHVSHFLDOO\ZKHUHWKDWGHSUHVVLRQLVVHYHUHRUUHFXUUHQW







WR IXUWKHU HOXFLGDWH WKH UHODWLRQVKLS EHWZHHQ FHUHEURYDVFXODU GLVHDVH DQG
GHSUHVVLRQLQFHSWLRQDQGRXWFRPHLQODWHOLIH
5HIHUHQFHV













0HWKRGV ,QIRUPDWLRQ ZDV FROOHFWHG IURP  SHRSOH ZLWK$' IURP D
VDPSOHGHVLJQHG WREH UHSUHVHQWDWLYHRISHRSOHZLWKGHPHQWLD LQ WHUPVRI
FRJQLWLRQ JHQGHU DQG OLYLQJ VLWXDWLRQV DQG WKHLU FDUHJLYHU XVLQJ VWDQG
DUGLVHGFRJQLWLYHSV\FKRORJLFDODQGEHKDYLRXUDO LQVWUXPHQWVDVSDUWRID
ODUJH ORQJLWXGLQDO VWXG\ RI$' 3K\VLFDO H[DPLQDWLRQ DQG UHOHYDQW EORRG
WHVWVZHUHSHUIRUPHG7KHYDVFXODUULVNJURXSZDVGH¿QHGDVWKRVHZLWKD
+DFKLQVNLVFRUH+,6RIWKHQRQYDVFXODUJURXSZHUHWKRVHVFRULQJ
2WKHU UHOHYDQW YDVFXODU IDFWRUV VXFK DV VPRNLQJ K\SHUWHQVLRQ FHUHEURY
DVFXODU GLVHDVH GLDEHWHV DQG WUHDWPHQW ZLWK DVSLULQ ZHUH LQFOXGHG LQ D
VHFRQGDU\DQDO\VLV
5HVXOWV ,Q WKH¿UVW SDUWLFLSDQWV FRPSOHWLQJ WKH PRQWK IROORZXS













ZLWK &K(, DQG WKRVH ZKR ZHUH QRW ,Q PXOWLYDULDWH DQDO\VLV +,6 
SUHGLFWHGZRUVHQLQJDQ[LHW\DQGGHSUHVVLRQLQFDUHUV&XUUHQWVPRNLQJDQG
VWRSSLQJ&K(, SUHGLFWHGZRUVHQLQJ006( ,QLWLDO FRJQLWLYH VHYHULW\ DQG
VWRSSLQJ&K(,SUHGLFWHGZRUVHQLQJ6,%6WRSSLQJ&K(,SUHGLFWHGZRUVHQ
LQJ$'/DQG136
&RQFOXVLRQV 2XU ¿QGLQJV VXJJHVW WKDW YDVFXODU IDFWRUV DIIHFW RXWFRPH
LQ$':H DUH VWLOO LQWHUYLHZLQJ SHRSOH DQGZLOO SUHVHQW WKH IXOO UHVXOWV
2XUSUHOLPLQDU\DQDO\VLVUHÀHFWVSUHYLRXVUHVHDUFKLQWR&K(,VKRZLQJWKDW
WKHUDWHRIGHFOLQHLVQRWPRGL¿HGE\WUHDWPHQWDIWHUWKHLQLWLDOSKDVH7KH
GLUHFWLRQRI FDXVDOLW\ LVQRW FOHDU IURPRXU UHVXOWV LHZKHWKHU WKRVHZKR


















5HVXOWV ,Q WKH \HDU  PLOOLRQ (XURSHDQV VXIIHUHG IURP YDVFXODU
GHPHQWLD8QWLOWKH\HDULQ(XURSHWKHUHZLOOEHPLOOLRQSHUVRQV











WR ]HURZRXOG UHVXOW LQ QHDUO\ WKH VDPHQXPEHU RI FDVHV ,Q FRQWUDVW WKH
ZRUNLQJDJHSRSXODWLRQLVFRQVLGHUDEO\GHFUHDVLQJGXULQJWKHQH[W\HDUV
,QWKH\HDUPLOOLRQGHPHQWLDFDVHVIDFHGPLOOLRQVSHUVRQVLQ






















2EMHFWLYHV7KHK\SRJOXWDPDWHUJLF K\SRWKHVLV RI VFKL]RSKUHQLD LV EDVHG
RQWKHSKHQF\FOLGLQH3&3LQGXFHGSV\FKRVLVLQPHQWDOO\KHDOWK\KXPDQV
DQG RQ VWXGLHV ZLWK VFKL]RSKUHQLF SDWLHQWV GHPRQVWUDWLQJ GH¿FLWV LQ SRVW
PRUWHPKLSSRFDPSDO1PHWK\O'DVSDUWDWH10'$UHFHSWRUJHQHH[SUHV
VLRQ )XUWKHUPRUH VFKL]RSKUHQLF SDWLHQWV FRQVLVWHQWO\ GLVSOD\ UHGXFHG
SUHSXOVHLQKLELWLRQ33,LQFRPSDULVRQWRQRUPDOFRQWUROVDQGWKLVORVVRI
VHQVRU\PRWRU JDWLQJ FDQ EH UHVWRUHG E\ WUHDWPHQWZLWK DW\SLFDO DQWLSV\





5HVXOWV  &3%. PLFH NQRZQ WR KDYH ORZHU OHYHOV RI KLSSRFDPSDO
10'$ UHFHSWRU GHQVLW\ GLVSOD\HG VLJQL¿FDQW ORZHU 33, LQ RSSRVLWH WR
%$/%F-PLFH %\ XVLQJ D UHSHDWHGPHDVXUHPHQW GHVLJQ VXEFKURQLF
WUHDWPHQW RYHU ZHHNVZLWK WKH DW\SLFDO DQWLSV\FKRWLF GUXJ FOR]DSLQH DW
D GDLO\ GRVLV RI  PJNJ JLYHQ LQWUDSHULWRQHDOO\ GLVSOD\HG D VLJQL¿FDQW






7KHUHIRUH IXUWKHU H[SHULPHQWV VKRXOGEHSHUIRUPHG LQRUGHU WRSURYH WKH











JHQHWLF DOWHUDWLRQV LQ DQLPDOV FDQ LQGXFH VFKL]RSKUHQLDOLNH V\PSWRPV
8QIRUWXQDWHO\ DOWKRXJK WKH UDW LV WKH SUHIHUUHG VSHFLHV LQ QHXURVFLHQFH
UHVHDUFKLWKDVSURYHQGLI¿FXOWWRLQGXFHJHQHWLFDOWHUDWLRQVLQUDWV,QRXU
RQJRLQJ UHVHDUFK SURMHFW ZH DLP DW GHYHORSLQJ D PHWKRG IRU JHQHWLFDOO\
DOWHULQJWKHUDWFHQWUDOQHUYRXVV\VWHPDQGVWXG\WKHFKDQJHVLQEHKDYLRXU
DQGSKDUPDFRORJ\
0HWKRGV  0DOH IRXQGHU:LVWDU UDWV ZHUH WUHDWHG ZLWK WKH PXWDJHQLF
GUXJ(181(WK\O11LWURVRXUHD±PJNJ LSRQFHDZHHNIRU
ZHHNV DIWHUZKLFK WKH\ZHUH DOORZHG WRPDWHZLWK QRUPDO IHPDOHV7KH




5HVXOWV 7KH UHVXOWV VKRZ WKDW HVSHFLDOO\ WKH RIIVSULQJ WKH IRXQGHU UDWV
WUHDWHGZLWK WKH WZR KLJKHVW GRVHV RI (18  DQG PJNJ FRQWDLQHG
D VLJQL¿FDQW QXPEHU RI DQLPDOVZLWK JHQHWLFPXWDWLRQV7KHVHPXWDWLRQV
LQFOXGHGVLOHQWPXWDWLRQVQRQFRGLQJPXWDWLRQVDVZHOODVPXWDWLRQVOHDGLQJ




















VXJJHVWHG WRFRQWULEXWH WRFRJQLWLYHGLVRUJDQL]DWLRQ%HFDXVH33, LV UHJX
ODWHGE\PXOWLSOHLQWHUDFWLQJQHXURWUDQVPLWWHUVVHYHUDOGLVWLQFW33,PRGHOV
KDYHHYROYHGLQURGHQWV
0HWKRGV 6WDUWOH UHVSRQVHV HOLFLWHG E\ DFRXVWLF RU WDFWLOH VWLPXOL DUH






33,GLVUXSWLYHHIIHFWRIDPSKHWDPLQH LVDEVHQWRQO\ LQ WKH'NQRFNRXWV




GH¿FLWV DUH LQVHQVLWLYH WR PRVW W\SLFDO DQWLSV\FKRWLFV EXW DUH EORFNHG E\























DQG PDWXUDWLRQ RI WKH EUDLQ 7KLV KDV EHHQ FRQFHSWXDOLVHG DV WKH ÄQHX







DIWHU SXEHUW\:HDSSOLHGQHXURWR[LF LERWHQLFDFLG OHVLRQVRI WKHPHGLDO
SUHIURQWDO FRUWH[ P3)& LQ QHRQDWDO UDWV RQ 31' DQG VXEFKURQLFDOO\












UHVSRQVLYHQHVV RI QXFOHXV DFFXPEHQV QHXURQV WR WKH LQKLELWRU\ HIIHFWV RI
DSRPRUSKLQH DQG E\ PRUH SURQRXQFHG DSRPRUSKLQHLQGXFHG GH¿FLWV LQ
SUHSXOVHLQKLELWLRQ:KLOHOHDUQLQJZDVJHQHUDOO\QRWLPSDLUHGEHKDYLRUDO
ÀH[LELOLW\ZDV UHGXFHG DV LQGLFDWHGE\SHUVHYHUDWLRQ LQPD]H WDVNV DQG D
UHGXFHGEUHDNSRLQW LQ UHZDUGUHODWHGRSHUDQWEHKDYLRUXQGHUSURJUHVVLYH
VFKHGXOHVRIUHLQIRUFHPHQW6RFLDOEHKDYLRUHJSOD\¿JKWLQJRIMXYHQLOHV




&RQFOXVLRQV 1HRQDWDO OHVLRQV RI WKH P3)& Ä¿UVW KLW³ WRJHWKHU ZLWK
SHULSXEHUWDOWUHDWPHQWZLWKFHUWDLQGUXJVFDQQDELQRLGVSV\FKRVWLPXODQWV
EXW DOVR VWUHVVKRUPRQHV DV ÄVHFRQG KLW³ SURYLGHV DQ DQLPDO PRGHO WR
GLUHFWO\ WHVW VSHFL¿F DVSHFWVRI WKH1'+RI VFKL]RSKUHQLD 6XSSRUWHGE\
')*6)%
5HIHUHQFHV














$V ULVN IDFWRUV IRU WKH GHYHORSPHQW RI VFKL]RSKUHQLD REVWHWULF FRPSOLFD
WLRQV FRQQHFWHGZLWK K\SR[LD KDYH EHHQ LGHQWL¿HG+HUHZH LQYHVWLJDWHG





FRQWURO JURXS Q    UHFHLYHG QRUPDO DLU LQ WKH VDPH HQYLURQPHQW$W
SRVWQDWDO GD\V   DQG  SUHSXOVH LQKLELWLRQ RI DFRXVWLF
VWDUWOHUHÀH[33,VRFLDOLQWHUDFWLRQDQGVRFLDOUHFRJQLWLRQZHUHWHVWHG33,





33, VRFLDO LQWHUDFWLRQ DQG VRFLDO UHFRJQLWLRQ RQO\ DIWHU SXEHUW\ &KURQLF






SRUW WKHK\SRWKHVLV WKDW K\SR[LD LV LQYROYHG DV D VXEVWDQWLDO IDFWRU LQ WKH
























SUHVHQWDWLRQ /LEHW 7KXV001 LV DSUHFRQVFLRXVPDUNHURI DXGL
WRU\FKDQJHGHWHFWLRQDQGWKHQHJDWLYHGLIIHUHQFH1GDPDUNHURIWDUJHW
UHFRJQLWLRQLQGLFDWHVSRVWFRQVFLRXVSURFHVVLQJ:HWUDFHWKHDFWLYDWLRQRI
001DQG1GVRXUFHV LQ WKH WHPSRUDODQGIURQWDO OREHVRIKHDOWK\\RXQJ
VXEMHFWV -HPHO HW DO   DQG DVN LI WKHVH DUH DOWHUHG LQ SDWLHQWV
QHZO\GLDJQRVHGZLWK VFKL]RSKUHQLD DQGRWKHUV\HDUV ODWHU ZKRRIWHQ
VKRZUHGXFHG001
0HWKRGV6HSDUDWHVWXGLHVXVLQJWRQHVGHYLDWLQJE\IUHTXHQF\RUGXUDWLRQ




5HVXOWV3HDN001VRXUFH DFWLYLW\KDG D VLPLODU ODWHQF\ LQ WKH DXGLWRU\
FRUWLFHVDQGSRVWHULRUOHIWDQWHULRUFLQJXODWHEXWRFFXUUHGODWHULQWKHULJKW
LQIHULRUPLGIURQWDO FRUWH[ 1G VRXUFHV ZHUH DFWLYH VXEVHTXHQWO\ LQ WKH
DGMDFHQW ULJKW PLGIURQWDO WKHQ OHIW VXSHULRU IURQWDO UHJLRQ EHIRUH WKH
WHPSRURSDULHWDO MXQFWLRQ )URQWDO 001 VRXUFHV PLJUDWHG URVWURFDXGDOO\
















-HPHO % HW DO  )URQWDO DQG WHPSRUDO OREH VRXUFHV IRU D PDUNHU RI




















2EMHFWLYHV 2YHUVHQVLWLYLW\ WR VHQVRU\ VWLPXODWLRQ LV FRPPRQO\ UHSRUWHG
LQVFKL]RSKUHQLFSDWLHQWV&RUUHVSRQGLQJO\LPSDLUHGLQKLELWLRQRIVWLPXOXV
SURFHVVLQJZDV UHOLDEO\ GHPRQVWUDWHG LQ VFKL]RSKUHQLF SDWLHQWV DV DQ HQ
KDQFHG3HYRNHGUHVSRQVH WR WKHVHFRQGFOLFN LQDXGLWRU\GRXEOHFOLFN
SDUDGLJPVZKLFKLVWKRXJKWWREHDPHDVXUHRIDXWRPDWLFRUSUHFRQVFLRXV
SURFHVVLQJ 8QWLO QRZ WKH EUDLQ VWUXFWXUHV PHGLDWLQJ WKLV VHQVRU\JDWLQJ
GH¿FLWDUHQRWLGHQWL¿HG((*DQG0(*GHSLFWGLIIHUHQWDVSHFWVRIFXUUHQW
ÀRZDQGDUHFRPSOHPHQWDU\LQORFDOL]LQJQHXURQDODFWLYDWLRQ,QWKLVVWXG\








5HVXOWV 3$(3 DQG 3$()VXSSUHVVLRQZDV GHPRQVWUDWHG IRU ERWK
JURXSVLQWKH$&DQGPHGLDOIURQWDOVRXUFHV6FKL]RSKUHQLFSDWLHQWVVKRZHG
QR3VXSSUHVVLRQGH¿FLWRQ&]&RUUHVSRQGLQJO\VSDWLRWHPSRUDOVRXUFH
DQDO\VLV ZKLFK WDNHV LQWR DFFRXQW DOO UHFRUGLQJ VLWHV UHYHDOHG LQ ERWK
























0HWKRGV3DWLHQWV HLWKHU LQ WKH HDUO\ VWDJH (631 \HDUV VLQFH
LOOQHVV RQVHWPHDQ LOOQHVV GXUDWLRQ   \HDUV RU DGYDQFHG VWDJH $63









&RQFOXVLRQV 'XUDWLRQ DQG LQWHQVLW\ 001 ZDV UHGXFHG LQ HDUO\ VWDJH
LOOQHVVDQGUHPDLQHGUHODWLYHO\VWDEOHZLWKLQFUHDVLQJLOOQHVVGXUDWLRQ)UH
TXHQF\001RQWKHRWKHUKDQGZDVQRWLPSDLUHGLQUHFHQWRQVHWSDWLHQWV
EXW GHFOLQHGZLWK LOOQHVV GXUDWLRQ VXJJHVWLQJ LW LV VHQVLWLYH WR IXQFWLRQDO




-DYLWW'& HW DO 'H¿FLWV LQ DXGLWRU\ DQGYLVXDO FRQWH[WGHSHQGHQW
SURFHVVLQJ LQ VFKL]RSKUHQLD 'H¿QLQJ WKH SDWWHUQ $UFKLYHV RI *HQHUDO
3V\FKLDWU\














VSHHFK VRXQGV DV IXQFWLRQDO SUREHV IRU DEQRUPDOLWLHV LQ DXGLWRU\ SULPDU\
DQGDVVRFLDWLRQFRUWLFHVLQSDWLHQWVZLWKVFKL]RSKUHQLD
0HWKRGV:HPHDVXUHG001LQUHVSRQVHWRWRQHVDQGYRZHOVXVLQJ((*









DW WKH¿UVWKRVSLWDOL]DWLRQDQG WKHLUSURJUHVVLRQZHUH WLJKWO\FRXSOHGZLWK
WKHDPSOLWXGHRI001HOLFLWHGE\WRQHVDQ(53LQGH[RIDXGLWRU\VHQVRU\
PHPRU\ZLWK WKHPDMRU JHQHUDWRU LQ+* LQ SDWLHQWVZLWK VFKL]RSKUHQLD






&RQFOXVLRQV7KHVH FRQYHUJLQJ UHVXOWV VXJJHVW D SUHVHQFH RI SURJUHVVLYH
SURFHVVLQWKHVWUXFWXUHDQGIXQFWLRQRIWKHDXGLWRU\FRUWH[LQVFKL]RSKUHQLD



















LQYROYHV ERWK SHUFHSWLRQ DQG WKRXJKW (YHQWUHODWHG SRWHQWLDOV (53V









KHDOWK\ YROXQWHHUV 6L[ SDWLHQWV SDUWLFLSDWHG LQ WKH IROORZXS UHFRUGLQJ 
\HDUVIURPWKHEDVHOLQHVWXG\1RQHRI WKHIROORZXSSDWLHQWVZDVDFXWHO\






QDOV VWDQGDUG DQGGHYLDQWWDUJHW VWLPXOL DQGZLWK VXEWUDFWLRQZDYHIRUP
7RSRJUDSKLFDOGLIIHUHQFHVZHUHFKDUDFWHUL]HGXVLQJJOREDO¿HOGSRZHUDQG
PLQLPXPQRUPHVWLPDWHV
5HVXOWV ,Q DXGLWRU\ HYHQWUHODWHG SRWHQWLDOV (53V WKH ¿UVWHSLVRGH
SV\FKRWLF SDWLHQWV GLVSOD\HG GHFUHDVHG DPSOLWXGHV RI DWWHQWLRQGHSHQGHQW








VLJQL¿FDQWO\ $WWHQWLRQGHSHQGHQW FRPSRQHQWV KRZHYHU UHPDLQHG GH
FUHDVHGDVFRPSDUHGWRKHDOWK\FRQWUROV
&RQFOXVLRQV7KHPRVWW\SLFDOSV\FKRSK\VLRORJLFDO(53¿QGLQJVRIDFXWH




















0HWKRGV 7KUHH GLIIHUHQW FOLQLFDO SUHVHQWDWLRQV DUH GHVFULEHG ZLWKLQ WKH
IUDPH RI F\FORLG SV\FKRVHV $Q[LHW\+DSSLQHVV SV\FKRVLV &RQIXVLRQDO










WUDLWV ,Q WKH H[WUHPH H[FLWDWHG IRUP FRQIXVH ORJRUUKRHDPDNHV SDWLHQW¶V
VSHHFK DOPRVW LPSRVVLEO\ WR EH XQGHUVWRRG0RWLOLW\ SV\FKRVLV LV FKDUDF
WHUL]HG E\ D H[DFHUEDWLRQ RI H[SUHVVLYH DQG UHDFWLYHPRWLRQV DOWHUQDWLQJ
ZLWKLQKLELWLRQRIWKHPRWLOLW\WLOODNLQHVLD7KLVDNLQHWLFSROHKDVDWUHQGWR
SURFHHGWRZDUGVDFDWDWRQLFVWDWHWKDWKDVPDQ\SRLQWVRIFRQWDFWZLWKOHWKDO




&RQFOXVLRQV &\FORLG SV\FKRVHV KDYH WKHLU RZQ DQG ZHOO GHOLPLWDWHG
FOLQLFDOWUDLWVZLWKQRVSHFL¿FGLDJQRVWLFFULWHULDRQWKH'60,9PDWFKLQJ
/HRQDUG¶V RULJLQDO GHVFULSWLRQV $OOHJHG VLPLODULWLHV ZLWK VFKL]RDIIHFWLYH
SV\FKRVHV DUHQRW WHQDEOH7DNLQJ LQ DFFRXQW WKLVJURXSRI LOOQHVVZLOO EH





3HUDOWD 9 DQG 0 - &XHVWD  ³&\FORLG 3V\FKRVLV D FOLQLFDO DQG
QRVRORJLFDOVWXG\´3V\FKRORJLFDO0HGLFLQH
-DEV%('%HUJHWDO³'LIIHUHQFHVLQ6XEVWDQWLD1LJUD(FKR























WRPVZDV XVHG DVZHOO DV D VHW RI YHUEDO WDVNV SDUWV RI WKH+$:,( DQG
*RUKDPµVSURYHUE WHVWZKLFKZHUH UHFRUGHG7RJXDUDQWHHEOLQGQHVV WKH
YHUEDWLPWUDQVFLSWVRIWKHODWWHUZHUHDQDO\]HGE\H[SHULHQFHGSV\FKLDWULVWV








 UHODWLYHV DVNHG IRUSV\FKLDWULF WUHDWPHQW LQ WKHFRXUVHRI
WKHLU OLYHVGXHWRHQGRJHQRXVSV\FKRVLV$W OHDVW




















PDQLIHVWDWLRQV DQG SKDVLF FRXUVH ZKLFK DUH QHLWKHU DIIHFWLYH QRU VFKL]R
SKUHQLF LOOQHVVHV LQ WKH WUDGLWLRQDO VHQVH $FFRUGLQJ WR /HRQKDUG WKUHH






0HWKRGV 8SRQ LQIRUPHG FRQVHQW FHUHEUDO SHUIXVLRQ ZDV HYDOXDWHG E\





G\VIXQFWLRQV7KHVHZHUH WUDFHG WR WKH UHVWLQJ VWDWH E\ DSSURSULDWH VPDOO
YROXPHFRUUHFWLRQV
5HVXOWV ,Q D ¿[HG HIIHFW DQDO\VLV YR[HOZLVH VWDWLVWLFDO PDSSLQJ SRLQWV










RI GLVRUJDQL]DWLRQ LQ VFKL]RSKUHQLDV ZKLFKPD\ EH SVHXGRVFKL]RSKUHQLF
LQVWHDG
5HIHUHQFHV



























KRZHYHU GLG QRW GLIIHU VLJQL¿FDQWO\ IURP WKH IDPLOLDOPRUELGLW\ REVHUYHG
DPRQJFRQWUROV
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVWD VXERUGLQDWH UROHRIKHUHGLWDU\ LQÀX






%HFNPDQQ+ )UDQ]HN (  &\FORLG SV\FKRVHV DQG WKHLU GLIIHUHQWLD
WLRQIURPVFKL]RSKUHQLFDQGDIIHFWLYHSV\FKRVHV,Q+HOPFKHQ++HQQ)
/DXWHU + 6DUWRULXV 1 HGV &RQWHPSRUDU\ SV\FKLDWU\ 9RO  6SHFL¿F
SV\FKLDWULFGLVRUGHUV3DUW6FKL]RSKUHQLFDIIHFWLYHDQGUHODWHGGLVRUGHUV
6SULQJHU%HUOLQ+HLGHOEHUJ1HZ<RUNSS











7KHDLPRI WKH\HDU IROORZXSVWXG\ZDV WR LQYHVWLJDWH WKHVWDELOLW\RI
WKH LQLWLDO GLDJQRVHV LQ F\FORLG SV\FKRVHV 7KLV ZRXOG JLYH QHZ LQVLJKWV
LQWRFRXUVHDQGSURJQRVLVRIWKHVHDW\SLFDOSV\FKRVHVLQDQDWXUDOLVWLFVHW
WLQJ DQG PRGHUQ SV\FKRSKDUPDFRORJLFDO WUHDWPHQW$V FRQWURO JURXS ZH
LQFOXGHG LQGH[FDVHVZLWKELSRODUDIIHFWLYHGLVRUGHU$OO LQGH[FDVHVZHUH
UHJXODU LQSDWLHQWV WUHDWHG DW D JHQHUDO ZDUG DW WKH 'HSW RI 3V\FKLDWU\
DQG 3V\FKRWKHUDS\ EHWZHHQ0D\  DQG$SULO  ,QFOXVLRQ FULWHULD
ZHUHDJH\HDUVDQGD¿QDOGLDJQRVLVRIF\FORLGSV\FKRVHVDQGPDQLF














































&RQFOXVLRQV7KHVH UHVXOWV VXJJHVWHG WKH*5,.JHQHPD\EHDVVRFLDWHG
ZLWKVFKL]RSKUHQLDDQGWKH((0G\VIXQFWLRQWKDWLVVSHFL¿FWRVFKL]RSKUH
QLD7KHGLVFUHSDQFLHVEHWZHHQ-DSDQHVHDQG&KLQHVHLQWKH47/DQDO\VLV








UHVSRQVHV WR VHQVRU\ VWLPXOL )RU SDLUHG DXGLWRU\ VWLPXOL PVHF DSDUW
QRUPDOVXEMHFWVLQKLELWWKHUHVSRQVHWRWKHVHFRQGVWLPXOXVFRPSDUHGWRWKH




0HWKRGV 1LFRWLQH DGPLQLVWHUHG WR SHRSOH ZLWK VFKL]RSKUHQLD VKRZV
SRVLWLYH HIIHFWV RQ 3 LQKLELWLRQ 7KLV VXSSRUWV D K\SRWKHVLV RI IDLOXUH
RIQRUPDOQLFRWLQLFFKROLQHUJLFQHXURWUDQVPLVVLRQDVDSDWKRSK\VLRORJLFDO
PHFKDQLVP LQ WKLV GLVHDVH 0ROHFXODU DQDO\VHV RI WKH SRO\PRUSKLVPV LQ
JHQRPLF'1$DQGRIĮUHFHSWRUOLJDQGELQGLQJLQSRVWPRUWHPEUDLQWLVVXH
DUHDOVRGHPRQVWUDWHGHFUHDVHGH[SUHVVLRQRIDQRWKHUZLVHQRUPDOUHFHSWRU
7KH LQKLELWRU\ GH¿FLW LQ VFKL]RSKUHQLF SDWLHQWVPD\ EHPHGLDWHG WKURXJK
WKHQRQS\UDPLGDOKLSSRFDPSDOLQWHUQHXURQVWKDWFRQWDLQWKHLQKLELWRU\QHX





5HVXOWV *HQHWLF VWXGLHV XWLOL]LQJ D OLQNDJH VWUDWHJ\ LQGHSHQGHQW RI WKLV
QHXURELRORJLFDO K\SRWKHVLV VKRZ WKDW WKH 3 JDWLQJ GH¿FLW LV KHULWDEOH
LQ WKH IDPLOLHV RI VFKL]RSKUHQLF SUREDQGV7KHPD[LPDO OLQNDJH LV DW WKH
FKURPRVRPHTORFXVRI&+51$3RO\PRUSKLVPVLQWKHJHQHDQGLWV
QHDUE\ SDUWLDO GXSOLFDWLRQ DUH DVVRFLDWHG ZLWK GLPLQLVKHG 3 LQKLELWLRQ

















2EMHFWLYHV 7KH PHDVXUH RI FRJQLWLYH G\VIXQFWLRQ RI SUHIURQWDO FRUWH[
KDVEHHQXVHGDVDQHQGRSKHQRW\SH LQPROHFXODUJHQHWLFVWXGLHVRIPDMRU
SV\FKRVHV,QRXUSUHYLRXVVWXGLHVZHGHPRQVWUDWHGWKDW LQVFKL]RSKUHQLD
VXFK G\VIXQFWLRQV RFFXU LQ KHDOWK\ ¿UVWGHJUHH UHODWLYHV 5\EDNRZVNL 	
%RUNRZVNDDQGLQELSRODULOOQHVVDSRVVLEOHUHODWLRQVKLSZDVIRXQG
EHWZHHQSRO\PRUSKLVPRIEUDLQGHULYHGQHXURWURSKLFIDFWRU%'1)JHQH
DQG SHUIRUPDQFH RQ D SUHIURQWDO WHVW 5\EDNRZVNL HW DO  7KH DLP
RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ SRO\PRUSKLVPV RI
GRSDPLQHUHFHSWRU''5'''5'FDWHFKRO2PHWK\OWUDQVIHUDVH







FRQFHSWXDO OHYHO UHVSRQVHV :&67&21&DQGVHW WR WKH¿UVWFDWHJRU\














&RQFOXVLRQV 7KH DVVRFLDWLRQ RI DQ HQGRSKHQRW\SH LQ JLYHQ LOOQHVV ZLWK






















PD\EHQH¿W IURP OLWKLXPZKHQDFXWHO\ LOO EXW WKHPRVW VWULNLQJHIIHFWRI














































7KH VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ WKH LQWHQVLW\ RI GLVWXUEDQFHV GXULQJ





SXUVXLW WDVN UHVHPEOLQJRXU¿QGLQJV LQ VFKL]RSKUHQLD 1RDVVRFLDWLRQ
EHWZHHQWKHLQWHQVLW\RIH\HPRYHPHQWGLVWXUEDQFHVDQGWKHSRO\PRUSKLVP
'5'DQG'5'JHQHZDVIRXQG
&RQFOXVLRQV +LJK IUHTXHQF\ RI H\H PRYHPHQW GLVWXUEDQFHV LQ ELSRODU






VWXGLHV LQ ¿UVWGHJUHH UHODWLYHV RI VFKL]RSKUHQLF SDWLHQWV 6FKL]RSKUHQLD
5HVHDUFK

































&RQFOXVLRQV (\H WDFNLQJ G\VIXQFWLRQ DQG VDFFDGHV PD\ VWHP IURP WKH
VDPHSUHIURQWDOFRUWLFDOG\VIXQFWLRQ,QFRQWUDVWWKHUHLVOLWWOHHYLGHQFHWR













&OLQLFDO FODVVL¿FDWLRQ V\VWHPV LQ SV\FKLDWULF GLVRUGHUV LQFOXGLQJ VFKL]R
SKUHQLD PD\ GHVFULEH KHWHURJHQHRXV GLVRUGHUV LPSO\LQJ WKDW WKH FXUUHQW
FOLQLFDOSV\FKLDWULFFODVVL¿FDWLRQPLJKWQRWEHRSWLPDOIRUJHQHWLFVWXGLHV
7KHUHIRUH VLPSOHU TXDQWL¿DEOHPHDVXUHV RI QHXURSV\FKLDWULF IXQFWLRQLQJ
PD\EHPRUHXVHIXOLQJHQHGLVFRYHU\7KLVDSSURDFKKHOSVWRFLUFXPYHQW
TXHVWLRQV DERXW HWLRORJLFDOPRGHOV7KH UDWLRQDOH IRU WKHXVHRI HQGRSKH
QRW\SHV LQ JHQH GLVFRYHU\ LV WKDW WKH HQGRSKHQRW\SHV DVVRFLDWHG ZLWK D
SV\FKLDWULFGLVRUGHUDUHPRUHHOHPHQWDU\FRPSDUHGWRFOLQLFDOSKHQRW\SHV
































SDLUVGLVFRUGDQW IRU VFKL]RSKUHQLD 0=DQG'= DQGGHPR
JUDSKLFDOO\EDODQFHGQRUPDOSDLUV0=DQG'=ZHUHGUDZQIURPD








DPRQJ LQGLYLGXDOV ZLWK VFKL]RSKUHQLD DVVXPLQJ D UHFHVVLYH 25 




















2EMHFWLYHV 7R XQGHUVWDQG WKH LPSDFW DQG PHDQLQJ RI ODQJXDJH UHODWHG
V\PSWRPVLQVFKL]RSKUHQLDDW WKH OLJKWRIVWUXFWXUDODQGIXQFWLRQDOGLVWXU
EDQFHVRIWKHOHIWKHPLVSKHULFODQJXDJHORRS
0HWKRGV6FKL]RSKUHQLF3DWLHQWVZLWKDXGLWRU\KDOOXFLQDWLRQV LQ WKH IRUP
RIVSHDNLQJYRLFHVZHUHVWXGLHGZLWKIXQFWLRQDO05,'LIIXVLRQ7HQVRU,P







&RQFOXVLRQV 7KH UHVXOWV LQGLFDWH WKDW LPSRUWDQW QRGHV RI WKH OHIW KHPL
VSKHULF ODQJXDJH ORRS DUH GLVWXUEHG LQ VFKL]RSKUHQLF SDWLHQWV ZKR VXIIHU
IURPDXGLWRU\ODQJXDJHKDOOXFLQDWLRQV7KHQDWXUHRIWKHGLIIHUHQW¿QGLQJV
G\VIXQFWLRQDO VWUXFWXUDO GH¿FLWV RU GXH WR UHDFWLYH SODVWLFLW\ DV ZHOO DV
WKHLQWHUDFWLRQVEHWZHHQWKHHOHPHQWVRIWKHORRSSULPDU\DXGLWRU\FRUWH[






















66$(3 DW +] VLQJOH VWLPXOXVSKDVH ORFNLQJ HYDOXDWHGXVLQJ0RUOHW
:DYHOHWV6SHQFHUHWDO
5HVXOWV 6WUXFWXUDO 05, VKRZHG OHIWODWHUDOL]DWLRQ RI DEQRUPDOLWLHV RI
VPDOOHUJUD\PDWWHU*0YROXPHVLQ6=SDUWLFXODUO\ZLWKLQWKHOHIWVXSH
ULRUWHPSRUDOJ\UXV67*ERWKLQ)(6=DW¿UVWKRVSLWDOL]DWLRQDQGLQ&6=
WKDWZDV QRW VHHQ LQ)( DIIHFWLYH PDQLF SV\FKRVLV )($))0RUHRYHU
WKHUHZDVDSURJUHVVLYHORVVRI*0LQERWKOHIW+HVFKOJ\UXVDQGOHIWSOD
QXP WHPSRUDOH LQ )(6= LQ WKH  \U IROORZLQJ ¿UVW KRVSLWDOL]DWLRQ DQG
WKHGHJUHHRI WKHYROXPHUHGXFWLRQZDVKLJKO\FRUUHODWHGZLWK WKHGHJUHH
RIPLVPDWFK QHJDWLYLW\ DPSOLWXGH UHGXFWLRQ RYHU WKLV VDPH WLPH LQWHUYDO





&RQFOXVLRQV 7DNHQ WRJHWKHU WKHVH GDWD LQGLFDWH D OHIW ODWHUDOL]DWLRQ RI
VPDOOHU67*JUD\PDWWHUYROXPHLQDXGLWRU\DQGVSHHFKUHODWHGDUHDVLQ6=
,Q)(6= WKHUH LVDSRVWRQVHW OHIW67**0UHGXFWLRQDVVRFLDWHGZLWK WKH
GHYHORSPHQWRIDPLVPDWFKDEQRUPDOLW\+]66$(3H[SHULPHQWVLQ&6=

























GHYHORSPHQW 9DQ(VVHQ6FLHQFH0DQJLQ HW DO1HXURLPDJH
,W KDVEHHQ VXJJHVWHG WKDW DEQRUPDOPDWXUDWLRQFRXOGEH D ULVN IDFWRU IRU





&DFKLD HW DO  7KLV PHWKRG DYRLGV WKH ELDV LQKHUHQW WR WKH LPDJH
DQDO\VLV SURFHGXUHV XVLQJ VSDWLDO QRUPDOLVDWLRQ 05, GDWDVHWV IURP 





PDWXUDWLRQKDV EHHQK\SRWKHVLVHG LQ WKHVH FRUWLFDO UHJLRQV LQ VFKL]RSKUH
QLD7KH 6XSHULRU7HPSRUDO )URQWDO DQG&LQJXODWH VXOFL PDLQ IROGV DQG
EUDQFKHVZHUHDXWRPDWLFDOO\GHOLQHDWHGODEHOOHGDQGPHDVXUHG
3UHOLPLQDU\ UHVXOWV IURP D VXEVHW RI VXEMHFWV LQGLFDWH GLIIHUHQFHV LQ VXOFL
PRUSKRORJ\DQGDV\PHWU\EHWZHHQJURXSV7KH\DUHEHLQJYDOLGDWHGRQWKH
ZKROH VDPSOH 5HVXOWV ZLOO EH SUHVHQWHG GXULQJ WKH V\PSRVLXP$SSOLHG




















5HVXOWV 2YHUDOO QHXURQDO GHQVLW\ LQGLYLGXDOO\ FRUUHFWHG IRU VKULQNDJH
LQ %$ GLG QRW GLIIHU EHWZHHQ WKH JURXSV )  GI  S  ,Q
WKHKHDOWK\EUDLQVGHQVLW\ZDVJHQHUDOO\JUHDWHU LQ WKH OHIW WKDQ WKH ULJKW
KHPLVSKHUHWKHUHYHUVHSDWWHUQEHLQJREVHUYHGLQWKHVFKL]RSKUHQLFEUDLQV
)  GI  S  WKLV ORVV RU UHYHUVDO RI DV\PPHWU\ZDVPRVW








DQG LQWHUFRQQH[LRQV EHWZHHQ DUHDV RI KHWHURPRGDO DVVRFLDWLRQ FRUWH[ LQ
WKH WZR KHPLVSKHUHV 7KH ¿QGLQJV LQ WKH SODQXP WHPSRUDOH VXJJHVW WKDW
PLQLFROXPQVDUHIXQGDPHQWDODQDWRPLFDOXQLWVWKDWGHWHUPLQHUHJLRQDOVL]H
DQG DV\PPHWU\ GLIIHUHQWLDOO\ LQ PHQ DQG ZRPHQ DQG DUH V\VWHPDWLFDOO\
DOWHUHGLQSV\FKRSDWKRORJ\
5HIHUHQFHV
&URZ7- D &HUHEUDO DV\PPHWU\ DQG WKH ODWHUDOL]DWLRQ RI ODQJXDJH





















DOWHUDWLRQV RI WKH JOXWDPDWH UHFHSWRU V\VWHP DQG GHFUHDVHG PLVPDWFK































SRVWPRUWHP DQDO\VHV DQG JHQHWLF DVVRFLDWLRQ VWXGLHV:H DUH HYDOXDWLQJ
OLQNDJH DQG DVVRFLDWLRQV ZLWK VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V
ORFDOL]HGRYHUDNEUHJLRQÀDQNLQJ'5'7KUHHLQGHSHQGHQWVDPSOHV
IURPWKH86$,QGLDDQGWKH8.DUHEHLQJLQYHVWLJDWHG




















UHVXOWLQJ IURP UHGXFHGSKDVHV\QFKURQL]DWLRQ LH DQ LQFUHDVHG VWLPXOXV
UHODWHGYDULDELOLW\³QRLVH´RIVLQJOHWULDOUHVSRQVHVLQWKHVSDWLDODQGWLPH




0HWKRGV  FOLQLFDOO\ VWDEOH ³KLJKIXQFWLRQLQJ´ VFKL]RSKUHQLF SDWLHQWV
DQG PDWFKHG FRQWUROVZHUH LQYHVWLJDWHG:H XVHG IXQFWLRQDOPDJQHWLF
UHVRQDQFHLPDJLQJI05,GXULQJDYLVXDOFKRLFHUHDFWLRQWDVNWRPHDV
XUHZLWK KLJKHU VSDWLDO DFFXUDF\ SUHIURQWDO QRLVH LQ VFKL]RSKUHQLD DQG LWV
UHODWLRQVKLS WR PRUH WUDGLWLRQDO PHDVXUHV RI ³DFWLYDWLRQ´ (YHQWUHODWHG


























FRQWURO VXEMHFWV WKH\ZHUHH[DPLQHGDWEDVHOLQH ZLWKGHYHORSPHQWDO
FOLQLFDOQHXURSV\FKRORJLFDODQGVWUXFWXUDOIXQFWLRQDO05,PHDVXUHVDQGDW
PRQWKLQWHUYDOVWKHUHDIWHU
5HVXOWV 6HYHUDO GHYHORSPHQWDO GLIIHUHQFHV DUH HYLGHQW EHWZHHQ WKRVH DW
KLJK ULVN DQG KHDOWK\ FRQWUROV ± LQFOXGLQJ GHUPDWRJO\SKLFV EHKDYLRXU LQ
FKLOGKRRGPLQRU SK\VLFDO DQRPDOLHV QHXURORJLFDO VRIW VLJQV DQGPHGLDO
WHPSRUDOOREHYROXPHV$FLUFXPVFULEHGVHFRQGVHWRIGH¿FLWVZHUHVSHFL¿
FDOO\UHODWHG WRJHQHWLF OLDELOLW\± LQFOXGLQJPHDVXUHVRIZRUGSURGXFWLRQ
VWRU\UHFDOOSUHIURQWDODQGWKDODPXVYROXPHVDQGIURQWRIURQWDOIXQFWLRQDO
FRQQHFWLYLW\$ VWLOO VPDOOHU WKLUG VHW RI DEQRUPDOLWLHV DFWXDOO\ SUHGLFWHG
VFKL]RSKUHQLD QDPHO\PHDVXUHV RI VFKL]RW\S\$9/7 DQG VRPH I05,





LQGLYLGXDOV WKDQZLOO GHYHORS WKH LOOQHVV +LJKO\ VLJQL¿FDQW SUHGLFWRUV RI
















URFKHPLFDO V\VWHPV LQGXFLQJ VXVFHSWLELOLW\ WR VFKL]RSKUHQLD /DERUDWRU\
PHWKRGIRUHVWLPDWLQJHDUO\VWUHVVPD\WKHUHIRUHEHQHHGHG,QWKLVUHJDUG








SKUHQLFV  PDOHV DQG  IHPDOHV  \HDUV ROG DQG  QRUPDO
FRQWUROV PDOHV DQG IHPDOHV  \HDUV ROG0LQHUDO FDOFLXP
SKRVSKRUPDJQHVLXPFKDQJHVLQ3/6ZHUHH[DPLQHGE\VFDQQLQJHOHFWURQ
PLFURVFRSH DQG HOHFWURQ SUREHPLFURDQDO\VHU (30$ 6LQFH WKH UDWH RI
HQDPHO HORQJDWH LVZHOO NQRZQ FKURQRORJLFDO GHWHUPLQDWLRQ DW HDFK KDOI













PD\ KDYH EHHQ XQGHUZHQWPRUH VHYHUH HPRWLRQDO VWUHVV FRPSDUHG WR WKH
QRUPDOFRQWUROV
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW VWUHVV VHQVLWL]DWLRQPD\ EH GH
YHORSHG E\ H[SRVXUH WR HPRWLRQDO VWUHVV EHWZHHQ  WR  \HDUV ROG
LQGLFDWLQJWKHFULWLFDOSHULRGRIWKHGHYHORSPHQWRIVFKL]RSKUHQLD
5HIHUHQFHV










$LPV&XUUHQWPRGHOV RI WKH SDWKRSK\VLRORJ\ LQ VFKL]RSKUHQLD VXJJHVW D
VWDWLF SUH RU SHULQDWDO OHVLRQ DQGQRSURJUHVVLYH VWUXFWXUDO FKDQJHVZLWK
WKH HPHUJHQFHRI V\PSWRPV LQ\RXQJ DGXOWKRRG+RZHYHU DQ DOWHUQDWLYH
SURJUHVVLYH OHVLRQPRGHO SRVLWV D SHULRG RI DFWLYH FRUWLFDO UHGXFWLRQ QHDU
V\PSWRPRQVHW5HFHQW05,PHDVXUHVRIWHPSRUDOOREHVXSHULRUWHPSRUDO
J\UXVGHPRQVWUDWHGSURJUHVVLYH FRUWLFDO JUD\PDWWHU UHGXFWLRQ DW \HDU
UHWHVWLQJ DIWHU ¿UVW KRVSLWDOL]DWLRQ LQ VXSSRUW RI SURJUHVVLYH WKH OHVLRQ
PRGHOWKRXJKFRQWURYHUVLDO3UHYLRXVO\ZHGHPRQVWUDWHGWKDWWKHDXGLWRU\





QRUPDO IXQFWLRQDO UHVSRQVH EHFRPHV DEQRUPDOZKHWKHU001 DPSOLWXGH
VKRZ UHGXFWLRQV DIWHU RQVHW DQGZKHWKHU001 VHUYHG DV DQ LQGH[ RI D






5HVXOWV 7KRXJK JURXSV GLG QRW GLIIHU LQ RYHUDOO 001 DPSOLWXGH S
! WKHUH ZDV D VLJQL¿FDQW JURXS E\ WLPH LQWHUDFWLRQ S    RI
VFKL]RSKUHQLFVVKRZHGVPDOOHU001DWUHWHVW:LOFR[RQS %\
FRQWUDVWRQO\RIELSRODUVXEMHFWVS DQGRIFRQWUROVVKRZHG





 S EXWQRWLQELSRODUU S!RUFRQWUROU S!
VXEMHFWV




















WHPSRUROLPELF UHJLRQV DUH SULQFLSDOO\ DIIHFWHG LQ VFKL]RSKUHQLD 7KHVH
DEQRUPDOLWLHVSUREDEO\FRQVLVWRIGHYLDWLRQUHODWHGWRWKHYXOQHUDELOLW\DQG
SDWKRORJLFDOFKDQJHV LQDVVRFLDWLRQZLWKRYHUWSV\FKRVLV7RGLIIHUHQWLDOO\
HOXFLGDWH WKH PRUSKRORJLFDO FKDUDFWHULVWLFV XQGHUO\LQJ WKH YXOQHUDELOLW\
DQG SDWKRORJ\ RI VFKL]RSKUHQLDZHPDGH FURVVVHFWLRQDO FRPSDULVRQV RI
PDJQHWLFUHVRQDQFHLPDJLQJ05,EHWZHHQHVWDEOLVKHGVFKL]RSKUHQLDDQG
VFKL]RW\SDOGLVRUGHU ,&' D VFKL]RSKUHQLDVSHFWUXPGLVRUGHUZLWKRXW
ÀRULGSV\FKRWLFHSLVRGH
0HWKRGV +LJKUHVROXWLRQ 05 LPDJHV ZHUH REWDLQHG LQ SDWLHQWV ZLWK
VFKL]RW\SDO GLVRUGHU SDWLHQWV ZLWK VFKL]RSKUHQLD DQG KHDOWK\ FRQWUROV
%UDLQ PRUSKRORJ\ ZDV FRPSDUHG E\ XVLQJ YR[HOEDVHG PRUSKRPHWU\




UHJLRQV FRPSDUHG WR FRQWUROV 6FKL]RSKUHQLD SDWLHQWV VKRZHGJUD\PDWWHU
UHGXFWLRQVLQWKHELODWHUDOPHGLDOIURQWDOLQIHULRUIURQWDOPHGLDOWHPSRUDO
DQG VHSWDO UHJLRQV DQG WKH OHIW PLGGOH IURQWDO RUELWRIURQWDO LQVXOD DQG
VXSHULRU WHPSRUDO UHJLRQV9ROXPHWULF52,DQDO\VHVGHPRQVWUDWHG WKDW LQ
SDWLHQWVZLWK VFKL]RW\SDO GLVRUGHU YROXPHV RI WKH DP\JGDOD DQG KLSSRF





























DQG FRQWUROVZHUH XVHG WR GHWHUPLQHZKROH EUDLQ YROXPH FRPSOHWH JUH\
ZKLWHDQG&6)YROXPHV OLQHDUPHDVXUHVRI FRUWLFDOGHYHORSPHQWKLSSRF
DPSDO YROXPHV DQG YROXPHV RI WKH FDSVXOD LQWHUQD DVZHOO DV WKH FRUSXV
FDOORVXP






















)DONDL 3 7HSHVW 5 +RQHU:* 'DQL ,$KOH * 3IHLIIHU 8 9RJHOH\ .
6FKXO]H 7 5LHWVFKHO 0 &RUGHV - 6FK|QHOO + *DHEHO : .KQ .8
0DLHU : 7UlEHU ) %ORFN : 6FKLOG ++ 6FKQHLGHU$[PDQQ 7 

























FRQVLVWHG RI  FOXVWHUV .ORVWHUNRWWHU - HW DO %DVHG RQ WKHVHZH
H[DPLQHGWKHUHODWLRQVKLSEHWZHHQWKHH[SORUDWRU\H\HPRYHPHQWVDQGWKH
FOLQLFDOVFDOHSRLQWVLQ%6$%6
5HVXOWV 7KHUH ZHUH VLJQL¿FDQW UHODWLRQVKLSV EHWZHHQ WKH 566 DQG WKH



























2EMHFWLYHV &DXGDWH QXFOHXV HQODUJHPHQW KDV EHHQ FRQVLVWHQWO\ REVHUYHG










0HWKRGV 1LQHWHHQ GUXJQDLYH ¿UVWHSLVRGH VFKL]RSKUHQLD SDWLHQWV ZHUH
UDQGRPO\DOORFDWHG WR WUHDWPHQWZLWKHLWKHU ORZGRVHVRI WKH W\SLFDOGUXJ




WLRQ05,VFDQV EHIRUH DQG DIWHU ZHHNV RI H[SRVXUH WRPHGLFDWLRQ E\
D VLQJOH UDWHUEOLQG WR VXEMHFW LGHQWL¿FDWLRQ WLPHRI VFDQDQGEUDLQKHPL
VSKHUH
5HVXOWV0HDQGDLO\GRVHRI]XFORSHQWKL[ROZDVPJGD\FRPSDUDEOH
WR KDORSHULGRO  PJGD\ DQG PHDQ GDLO\ GRVH RI ULVSHULGRQH ZDV 




























7ZR ¿UVW HSLVRGH SDWLHQWV ZHUH DQWLSV\FKRWLFIUHH DQG DOO RWKHU SDWLHQWV





LQJ D SDUDPHWULF EDFN RQHEDFN DQG WZREDFN ZRUNLQJPHPRU\ WDVN
EHIRUHDQGDIWHUWUHDWPHQWZLWK=LSUDVLGRQH
5HVXOWV:KHQ FRPSDUHG WR FRQWUROV ERWK ¿UVW HSLVRGH DQG FKURQLF SD
WLHQWVVKRZHGHYLGHQFHRIDWWHQXDWHGDFWLYDWLRQDW ULJKWSUHIURQWDOFRUWH[
SUHFHQWUDOJ\ULDQGSRVWHULRUSDULHWDOFRUWH[ELODWHUDOO\%RWK¿UVWHSLVRGH
DQG FKURQLF SDWLHQWV VKRZHGPRUH DFWLYDWLRQ WKDQ FRQWUROV DW OHIW FXQHXV




DEQRUPDOLWLHV DUH QRW GXH WR FKURQLFLW\ RI WKH GLVRUGHU RU WKH ORQJWHUP
HIIHFWV RI DQWLSV\FKRWLF PHGLFDWLRQ )LUVW HSLVRGH SDWLHQWV WUHDWHG ZLWK
=LSUDVLGRQHVKRZLPSURYHPHQWLQDUHDVUHODWHGWRZRUNLQJPHPRU\
5HIHUHQFHV

























SUDFWLFH RQ WDVNZLWKRXW WKH QHHG IRU FRQVFLRXV DZDUHQHVV 3DWLHQWVZLWK


























H[SUHVVLRQ ZLWK LQYDULDQW LGHQWLW\ IHDWXUHV RI IDFLDO FRQ¿JXUDWLRQ 7KH
VWXG\ZDVGHVLJQHGWRWHVWWKHK\SRWKHVLVWKDWSHRSOHZLWKVFKL]RSKUHQLDDUH
LPSDLUHGVSHFL¿FDOO\LQSURFHVVLQJYDULDQWIDFLDOIHDWXUHV










SUHWHVWHG LQKHDOWK\SDUWLFLSDQWV LQRUGHU WRGHYHORS WDVNVHTXDWHG IRU
SV\FKRPHWULFSRZHU&KDSPDQDQG&KDSPDQ7KH3,&$)ZDVWKHQ




3DWLHQWVZLWK VFKL]RSKUHQLD SHUIRUPHGZRUVH WKDQ FRQWUROV RQ WKH YDULDQW





DQG LQYDULDQW IDFLDO IHDWXUHV 6XFK GLI¿FXOWLHV OLNHO\ LPSDLU WKH DELOLW\ WR


















DQG IXQFWLRQDOO\ GLIIHUHQWLDWHG LPPXQH V\VWHP DOORZ DQ LQWHJUDWLYH YLHZ
RI LPPXQRORJLFDO DEQRUPDOLWLHV LQ PDMRU SV\FKRVHV 5HFHQW DGYDQFHV LQ
LPPXQRORJLFDO UHVHDUFK UHJDUGLQJ WKH GLIIHUHQWLDWLRQ EHWZHHQ WKH W\SH
DQG W\SH LPPXQH UHVSRQVH DQG WKH VSHFL¿F DQG XQVSHFL¿F DUPV RI WKH




PDFURSKDJHV WRR ,Q FRQWUDU\ VHYHUDO SDUDPHWHUV RI WKH VSHFL¿F FHOOXODU
LPPXQH V\VWHP DUH EOXQWHG HJ WKH GHFUHDVHG W\SH UHODWHG LPPXQH
SDUDPHWHUV LQ VFKL]RSKUHQLFSDWLHQWV ERWK LQYLWUR DQG LQYLYR7KLV LV LQ
















2EMHFWLYHV 7KH DFWLYDWLRQ RIPLFURJOLD LV DQ HDUO\ UHVSRQVH WR QHXURQDO
GDPDJH HYHQ LQ WKH DEVHQFHRI QHXURQDO FHOO GHDWK7KH WUDQVLWLRQRIPL
FURJOLDIURPWKHQRUPDOUHVWLQJWRWKHDFWLYDWHGVWDWHLVDVVRFLDWHGZLWKDQ




0HWKRGV ,Q WKLV VWXG\ PLVPDWFK QHJDWLYLW\ 001 WR IUHTXHQF\ DQG
GXUDWLRQGHYLDQWVZDVUHFRUGHGLQSDWLHQWVZLWKVFKL]RSKUHQLFSV\FKRVLV
DQGZLWKRXW WDUGLYHG\VNLQHVLD*OLDO DFWLYDWLRQZDVPHDVXUHG LQ YLYRE\










ODEHOOHG DV WKH 3& UHJLRQDO ORDG ZKLOH WKH FRQWULEXWLRQ RI HDFK VXEMHFW
WR DQHLJHQYHFWRU LVGH¿QHGDV WKH3&VXEMHFW ORDG7KH VLJQL¿FDQFHRI D






&RQFOXVLRQV7KH LQ YLYRGHWHFWLRQRI LQFUHDVHG >&@53.ELQG
LQJLQVFKL]RSKUHQLFSV\FKRVLVLQGLFDWHVDWKHRFFXUUHQFHRIDORZJUDGH































5HVXOWV$W  PRQWKV JOLDO LQÀDPPDWRU\ PDUNHUV ZHUH HOHYDWHG DORQJ
ZLWK DQ LQFUHDVH RI WRWDO$ȕ$ȕSODTXH DUHD DQG VWDLQLQJ LQWHQVLW\ LQ/&
SURMHFWLRQ DUHDV LQ1(GHSOHWHG$33PLFH ,Q DGGLWLRQZKLOH QHXURQDO
FHOO GHDWKZDV QHDUO\ DEVHQW LQ LQWDFW$33 WUDQVJHQLFV DW PRQWK1(
GHSOHWLRQLQFUHDVHGQHXURQDOFHOOGHDWK,PSRUWDQWO\DQRQSURMHFWLRQDUHD






&RQFOXVLRQV WKHVHGDWD VXJJHVW WKDW WKHGHJHQHUDWLRQRI/&DIIHFWVPRU
SKRORJ\ PHWDEROLVP DQG IXQFWLRQ RI DP\ORLG SODTXHFRQWDLQLQJ KLJKHU









2EMHFWLYHV ,Q $O]KHLPHU¶V GLVHDVH DFWLYDWLRQ RI PLFURJOLDO FHOOV DQ
HOHYDWHG H[SUHVVLRQ RI F\FORR[\JHQDVHV &2; WKH FUXFLDO HQ]\PH IRU
SURVWDJODQGLQSURGXFWLRQDQGDVWURJOLRVLVPD\IRUPDG\QDPLFFRPSRQHQW




























RI UHFHQW ¿QGLQJV FRQFHUQLQJ QHXURSV\FKRORJLFDO SUR¿OH LQ SDWLHQWV ZLWK
VFKL]RSKUHQLD RU VFKL]RW\SDO SHUVRQDOLW\ GLVRUGHU 63' 6HFRQG ZHZLOO
LQWURGXFHRXUUHVXOWVFRQFHUQLQJVHPDQWLFPHPRU\DQGEUDLQLPDJLQJ





5HVXOWV 3HUIRUPDQFH RQPRVW RI WKH FRJQLWLYH GRPDLQVZDV LPSDLUHG LQ
63'SDWLHQWVEXWWRDOHVVHUGHJUHHFRPSDUHGZLWKVFKL]RSKUHQLFSDWLHQWV
6SHFL¿FDOO\ WKH GHJUHH RI LPSDLUPHQW LQ YHUEDOPHPRU\ LQ 63'SDWLHQWV
ZDVFRPSDUDEOH WR WKDW LQVFKL]RSKUHQLFSDWLHQWVZKLOHVFKL]RSKUHQLFSD
WLHQWVSHUIRUPHGZRUVHRQWKHWHVWRIYLVXDODWWHQWLRQWKDQGLG63'SDWLHQWV
$V D UHVXOW  VFKL]RSKUHQLF SDWLHQWV VKRZHG IDLOXUH WR VSRQWDQHRXVO\
PDNHXVHRI WKH LPSOLFLW VHPDQWLF FDWHJRU\  SDWLHQWV SHUIRUPHGZRUVH
WKDQFRQWUROVRQWKHVFRUHRIWKHPDWLFVHTXHQFLQJVHPDQWLFVWUXFWXUHRI
SDWLHQWVZDVGLIIHUHQWIURPWKDWRIFRQWUROVLQDQLPDOFDWHJRU\SDWLHQWV




















7KH\ DUH HYLGHQW DW RQVHW RI LOOQHVV SULRU WR WKHUDSHXWLF LQWHUYHQWLRQ DQG
SHUVLVWGHVSLWHDPHOLRUDWLRQRIFOLQLFDOV\PSWRPV)XUWKHUPRUHWKH\UHODWH
WR IXQFWLRQLQJ DQG WR QHXURELRORJLFDO DEQRUPDOLWLHV HYLGHQW LQ QHXURDQD
WRPLF DQG QHXURSK\VLRORJLF LPDJLQJ VWXGLHV ,QLWLDO VWXGLHV LQGLFDWHG WKDW
WKHGH¿FLWVGRQRWDPHOLRUDWHZLWKWUHDWPHQWXVLQJ¿UVWJHQHUDWLRQDQWLSV\
FKRWLFDJHQWV7KHOLWHUDWXUHRQHIIHFWVRQWKHVHFRQGJHQHUDWLRQDJHQWVGRHV




























6WXG\  :RUN IXQFWLRQ DQG FRJQLWLYH DVVHVVPHQW GDWD ZHUH FROOHFWHG






IRU YHUEDO ZRUNLQJ PHPRU\ DV DVVHVVHG E\ WKH &RQVRQDQW 7ULJUDP 7HVW
>&77@VFRUH7KLVLQWHUDFWLRQZDVGXHWRVLJQL¿FDQWO\JUHDWHULPSURYH
PHQWLQWKHSDWLHQWVZKRJDLQHGHPSOR\PHQWFRPSDUHGZLWKWKRVHUHPDLQHG
XQHPSOR\HG ,Q DGGLWLRQ D ORJLVWLF UHJUHVVLRQ DQDO\VLV ZLWK D IRUZDUG
VWHSZLVH SURFHGXUH LQGLFDWHG WKDW WKH &77 VFRUH DW PRQWKV IROORZHG
E\WKH&77VFRUHDWEDVHOLQHDQGWKHGXUDWLRQRIWKHLOOQHVVZDVWKHVWURQJ
SUHGLFWRURIJDLQLQJHPSOR\PHQWLQGLFDWHG
6WXG\ :RUN IXQFWLRQ DQG FRJQLWLYH DVVHVVPHQW GDWDZHUH FROOHFWHG LQ
D VDPSOH RI  SDWLHQWV ZLWK VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHU





DQG3RVLWLYH VFRUHV LQ WKH HPSOR\HG JURXS$ ORJLVWLF UHJUHVVLRQ DQDO\VLV
ZLWK D IRUZDUG VWHSZLVH SURFHGXUH LQGLFDWHG WKDW WKH &77 VFRUHZDV WKH
VWURQJHVWSUHGLFWRURIHPSOR\PHQWVWDWXV
&RQFOXVLRQV $V SUHGLFDWHG QHXURFRJQLWLYH SHUIRUPDQFH SDUWLFXODUO\
ZRUNLQJPHPRU\ZDVPRUHLPSRUWDQWO\DVVRFLDWHGZLWKHPSOR\PHQWVWDWXV
WKDQFOLQLFDO V\PSWRPVZHUH7UHDWPHQW WKDWHQKDQFHVFRJQLWLYH IXQFWLRQ




LQ VFKL]RSKUHQLD DUHZHPHDVXULQJ WKH ÄULJKW VWXII³" 6FKL]RSKU%XOO 

.DQHGD< HW DO 'HWHUPLQDQWV RIZRUN RXWFRPH LQ QHXUROHSWLF





















5HVXOWV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO SUHVHQW GDWD WR VKRZ D WKDW )(3
SDWLHQWVVKRZUHODWLYHO\PRGHVWOHYHORIFRJQLWLYHG\VIXQFWLRQEIROORZ
LQJDSKDVHVSHFL¿FWUHDWPHQWFRPSULVHGRI ORZGRVHQRYHODQWLSV\FKRWLF
PHGLFDWLRQ DQG LQWHQVLYH SV\FKRVRFLDO WUHDWPHQW SURYLGHG LV DVVRFLDWHG
ZLWK VLJQL¿FDQW LPSURYHPHQW LQ PRVW EXW QRW DOO GRPDLQV RI FRJQLWLRQ
F'83ZRUNLQJPHPRU\ UHVLGXDO V\PSWRPV DQG DGKHUHQFH WRPHGLFD













7RZQVHQG /$ 1RUPDQ 50* 0DOOD$. 5\FKOR$$KPHG 55 
&RJQLWLYHIXQFWLRQLQJIROORZLQJFRPSUHKHQVLYHWUHDWPHQWIRU¿UVWHSLVRGH

























0HWKRGV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO LQWURGXFH RXU FXPXODWLYH ERG\





ELRORJLFDOPDUNHUV WRSUHGLFW WKHDELOLW\RIFOR]DSLQH WKHSURWRW\SHRI
$$3'VWRHQKDQFHYHUEDOPHPRU\












SKUHQLD E\ DGGLWLRQ RI WDQGRVSLURQH WR QHXUROHSWLF WUHDWPHQW $PHULFDQ
-RXUQDORI3V\FKLDWU\
6XPL\RVKL7HWDO7KHHIIHFWRIPHOSHURQHDQDW\SLFDODQWLSV\FKRWLF











2EMHFWLYHV7KH SXUSRVH RI WKH FXUUHQW VWXG\ZDV WR LQYHVWLJDWHZKHWKHU










EHJLQQLQJ ZLWK LQWHUYLHZV ZLWK WKH PRWKHUV GXULQJ SUHJQDQF\ DQG LQGH
SHQGHQWO\DQGEOLQGO\DVVHVVHGUHJDUGLQJRIIVSULQJPHQWDOKHDOWKLQ\RXQJ
DGXOWKRRG XVLQJ 6&,' LQWHUYLHZV DQG'60,,,5 FULWHULD  HIIHFWLYH
IROORZXSDWPHDQ\U





LH VFKL]RSKUHQLD VFKL]RDIIHFWLYH SV\FKRVLV DQG &OXVWHU $ SHUVRQDOLW\
GLVRUGHULQDGXOWKRRGLQERWKWKHWRWDOVDPSOHS 25&,
 DQG WKH ULVNJURXS S 25&,
8QZDQWHG SUHJQDQF\ UHPDLQHG D SUHGLFWRU HYHQ ZLWKPRWKHUV¶ SV\FKRVLV
GLDJQRVLV FRQWUROOHG IRU DPRQJ ULVN FDVHV 8QZDQWHG SUHJQDQF\ZDV XQ






WR KDYH D SURPLQHQW UROH LQ LQFUHDVLQJ ULVN IRU RIIVSULQJ VFKL]RSKUHQLD












2EMHFWLYHV 7KH JUHDWHU PDMRULW\ RI GDWD IURP WKH 1RUWKHUQ +HPLVSKHUH
FRXQWULHV VXSSRUWV DQ H[FHVV RI ZLQWHUVSULQJ ELUWKV RI VXEMHFWV DIIHFWHG
E\6FKL]RSKUHQLD LQDGXOWDJH6RPHIDFWRUVZHUHSURSRVHGDVSRWHQWLDOO\
DFFRXQWLQJ IRU VXFK VHDVRQRIELUWK HIIHFW VXFK DV LQFUHDVHG UDWH RI SUH
DQG SHULQDWDO EUDLQ GDPDJH FDXVHG E\ VHDVRQDOO\ YDU\LQJ IDFWRUV VXFK DV
LQIHFWLRXV GLVHDVHV QXWULWLRQDO GH¿FLHQFLHV RU KDELWV GXULQJ SUHJQDQF\













VFKL]RSKUHQLFV FRPSDUHG WR WKH H[SHFWHG UDWH LQ WKH JHQHUDO SRSXODWLRQ
1RVWDWLVWLFDOO\ VLJQL¿FDQW UHVXOWVZHUH IRXQGQHLWKHU LQ WKHRYHUDOOJURXS




SRSXODWLRQ RI SV\FKRWLF SDWLHQWVZDV VWDWLVWLFDOO\ VLJQL¿FDQW RQO\ LQPDOH
VFKL]RSKUHQLFVWKXVVXJJHVWLQJVRPHGLVHDVHVSHFL¿FDFWLRQE\VHDVRQDOO\






























VXEVWDQWLDO JHQHWLF FRQWULEXWLRQ WR VFKL]RSKUHQLD 7KH PRGH RI WUDQVPLV









DVREVWHWULF FRPSOLFDWLRQV DQG FDQQDELV VPRNLQJKDYHEHHQ LPSOLFDWHG LQ
FRQWULEXWLQJWROLDELOLW\WRWKHGLVRUGHU7KHUHFHQWGLVFRYHU\RIVHYHUDOSR
VLWLRQDOFDQGLGDWHJHQHVWKDWKDYHEHHQUHSOLFDWHGDVEHLQJDVVRFLDWHGZLWK


























































SURSHUWLHV RI WKH &RPSUHKHQVLYH$VVHVVPHQW RI 1HXURSV\FKLDWULF 0RWRU
$EQRUPDOLWLHV &$10$ DQHZ LQVWUXPHQW IRU UDWLQJPRWRUGLVRUGHUV LQ
SV\FKLDWULFSDWLHQWV
0HWKRGV 7KH &$10$ ZDV GHYHORSHG RQ WKH EDVLV RI WKH SHUFHLYHG
OLPLWDWLRQV LQ WKH FRQFHSWXDOL]DWLRQ DQG DVVHVVPHQW RIPRWRU GLVRUGHUV LQ
WKH PDMRU SV\FKLDWULF GLVRUGHUV $ FRQWHQW DQDO\VLV RI SUHYLRXV GHVFULS
WLRQVRIQHXURSV\FKLDWULFPRWRUDEQRUPDOLWLHVZDVXVHG WRGHWHUPLQH LWHP
FRPSRVLWLRQ$ VDPSOH RI  SV\FKRWLF LQSDWLHQWV SUHVHQWLQJ ZLWK PRWRU
V\PSWRPVZHUHYLGHRWDSHGDQGXVHG WRH[DPLQH LQWHUUDWHUDQG WHVWUHWHVW


































DGMXQFWLYH UROH WR DQWLSV\FKRWLFV LQ VFKL]RSKUHQLDZLWK FDWDWRQLF IHDWXUHV
DQGRWKHUSV\FKLDWULFLOOQHVVHVLQZKLFKFDWDWRQLDRFFXUV
0HWKRGV 7KH FDWDWRQLF VLJQV PRVW FRPPRQO\ LGHQWL¿HG FRPH IURP 
'60,9VLJQVWKH%XVK)UDQFLV&DWDWRQLD5DWLQJ6FDOHVLJQV
DQG7KH5RVHEXVK6FDOH&ULWHULD  VLJQV5HFHQW VXUYH\V SRLQW WR D
¿JXUH RI D  SUHYDOHQFH RI FDWDWRQLD LQ KRVSLWDO SV\FKLDWU\ XQLWV \HW













&DURII 61 0DQQ 6& )UDQFLV$ )ULFFKLRQH */ &DWDWRQLD )URP 3V\


















5HVXOWV &DWDWRQLD FRQWLQXHV WR EH UHSRUWHG LQ  RI SDWLHQWV ZLWK
DFXWHSV\FKLDWULFGLVRUGHUV$OWKRXJK WKH UDWHRIFDWDWRQLDDPRQJSDWLHQWV





FRQGLWLRQV  $OWKRXJK WKH IUHTXHQF\ RI DQWLSV\FKRWLFLQGXFHG







FRPPRQO\REVHUYHGDPRQJSV\FKLDWULFSDWLHQWV ,I D WUXHGHFOLQH LQ VRPH
IRUPV RI FDWDWRQLF VFKL]RSKUHQLD LV FRQ¿UPHG IXUWKHU VWXGLHV ZRXOG EH
QHFHVVDU\WRGHWHUPLQHZKHWKHULWLVGXHWRFKDQJHVLQGLDJQRVWLFSUDFWLFHV
LQ WKHSUHYDOHQFHRI LQIHFWLRXVFDXVHVRIFKURQLFFDWDWRQLD LQ WKHHI¿FDF\
RIPRGHUQ WUHDWPHQWV IRU DFXWH FDWDWRQLF H[FLWHPHQW RU LQ WKHPDQLIHVWD
WLRQV DQG VHYHULW\ RI VFKL]RSKUHQLD LWVHOI )XUWKHU VWXGLHV DUH DOVR QHHGHG
















5HVXOWV &\FORLG SV\FKRVHV DUH VXEGLYLGHG LQWR WKUHH VXEIRUPV 2QH RI
WKHVH VXEIRUPV LV K\SHUNLQHWLFDNLQHWLF PRWLOLW\ SV\FKRVLV +\SHUNLQHWLF
SROH UHSUHVHQWV WKH SV\FKRPRWRU H[FLWDWLRQ IRUPZLWK H[SUHVVLYH DQG UH
DFWLYH PRYHPHQWV LQFUHDVHG 7KLV H[FLWDWLRQ LV QRW UHODWHG ZLWK WKRXJKW
GLVWXUEDQFHVRU IHHOLQJV:KHQK\SHUNLQHVLD LVVHYHUH WKLVPRYHPHQWVDUH
GLVWRUWHGWKHSDWLHQWVFRXOGVKRZJULPDFLQJDQGUHVWOHVVQHVV
7KH RSSRVLWH SROH RI K\SHUNLQHVLD DNLQHVLD UHSUHVHQWV WKH SV\FKRPRWRU
SXUH IRUPRI LQKLELWLRQDQG LQYROXQWDU\PRYHPHQWVDUHDIIHFWHG ,WFRXOG
UHDFK WR ULJLGLW\ RI IDFLDO H[SUHVVLRQ 7KH SRVWXUH LV ULJLG $FWLRQV DQG
VSHHFKE\RZQZLOODUHDEVHQWLQDNLQHVLD
&RQFOXVLRQV 3RO\PRUSKLVP LV LWVPDLQ FKDUDFWHULVWLF DV LW LV FRPPRQ WR
¿QGFRQIXVLRQDOV\PSWRPVDQ[LHW\IHHOLQJVRIKDSSLQHVVRUV\PSWRPVWKDW
UHPLQGPDQLFGHSUHVVLYHSV\FKRVHV
























OLQNDJH VWXGLHV RQPXOWLSOH[ SHGLJUHHV VHJUHJDWLQJ IRU SHULRGLF FDWDWRQLD
ZH UHFHQWO\ LGHQWL¿HG DPDMRU GLVHDVH ORFXV RQ FKURPRVRPH T DQG
UHSOLFDWHG WKHFKURPRVRPDO ORFXV LQDQ LQGHSHQGHQWVHWRISHGLJUHHV7KH
UHVXOWVVDWLV¿HG/DQGHU	.UXJO\DN¶VULJRURXVFULWHULDIRU³VLJQL¿FDQWDQG
FRQ¿UPHGHYLGHQFH IRU OLQNDJH´/LQNDJHDQGKDSORW\SHDQDO\VLV LQ WKUHH
H[FHSWLRQDOO\ODUJHSHGLJUHHVOLQNHGWRFKURPRVRPHTGLVFORVHGDQ
F0FULWLFDOUHJLRQEHWZHHQPDUNHU'6DQG'6,QRXUHIIRUWV
LQ UHYHDOLQJ WKHGLVHDVHJHQHZHSHUIRUP OLQNDJHGLVHTXLOLEULXPPDSSLQJ
DQG KDSORW\SH DQDO\VHV LQ PXOWLSOH[ SHGLJUHHV DQG SDUHQWRIIVSULQJ WULRV
LQ QHZ VHWV RIPLFURVDWHOOLWHPDUNHUV DQG FRQFXUUHQWO\ FRPSOHWH V\VWHP
DWLFPXWDWLRQVFDQVRIFDQGLGDWHJHQHVDQQRWDWHGLQWKDWUHJLRQ7KHVLQJOH














DIIHFWLYH GLVRUGHUV GXULQJ DGXOWKRRG ,Q DGGLWLRQ WKH\ IUHTXHQWO\ KDYH
FKDUDFWHULVWLF YHUEDO GH¿FLWV 7KXV H[DPLQLQJ EUDLQ 05, VFDQV RI WKHVH






























/DQJXDJH ODWHUDOLVDWLRQ KDV EHHQ IRXQG WR EH GHFUHDVHG LQ VFKL]RSKUHQLD
SDWLHQWV 0RUH VSHFL¿F ODQJXDJH DFWLYDWLRQ RI WKH ULJKW KHPLVSKHUH ZDV
KLJKHULQVFKL]RSKUHQLDSDWLHQWVWKDQLQKHDOWK\FRQWUROV+HDOWK\PRQR]\
JWRLFWZLQVRIVFKL]RSKUHQLDSDWLHQWVZHUHDOVRREVHUYHGWRKDYHGHFUHDVHG
ODWHUDOLVDWLRQ VXJJHVWLQJ WKLV DEQRUPDOLW\ WR EH D JHQHWLF SUHGLVSRVLWLRQ
,Q VFKL]RSKUHQLD SDWLHQWV D FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ LQFUHDVHG
DFWLYLW\RI WKH ULJKWKHPLVSKHUH DQG VHYHULW\RIKDOOXFLQDWLRQV7KHUHIRUH
LQFUHDVHGDFWLYLW\RIWKHULJKWKHPLVSKHUHPD\EHDVSHFL¿FULVNIDFWRUIRU
















0XFK RI WKH LPSRUWDQW ZRUN VXSSRUWLQJ GLVWXUEDQFHV RI ODWHUDOL]HG EUDLQ
VWUXFWXUHVLQVFKL]RSKUHQLDFRQFHUQVQHRFRUWLFDOUHJLRQVSDUWLFXODUO\WKRVH
UHODWHG WR ODQJXDJH 2XU UHFHQW VWXGLHV H[DPLQHG VXEFRUWLFDO VWUXFWXUHV
LQFOXGLQJ WKHEDVDO JDQJOLD KLSSRFDPSXV DQG WKDODPXV2XUSDWKRORJLFDO
VWXGLHV RI HQWRUKLQDO WR KLSSRFDPSDO FRQQHFWLRQV LQGLFDWH D UROH IRU GLV
WXUEHG EUDLQ GHYHORSPHQW LQ VFKL]RSKUHQLD7KHVH ¿QGLQJV GR QRW DSSHDU




V\VWHP 05, VWXGLHV RI EDVDO JDQJOLD VWUXFWXUHV GR QRW UHYHDO REYLRXV
GLIIHUHQFHV LQ DV\PPHWULHV LQ SV\FKRVLV+RZHYHU SUHOLPLQDU\ VWXGLHV RI
WKH WKDODPXV LQGLFDWHVPDOOHUVXEUHJLRQDOYROXPHVRQ WKH OHIW VLGH LQ¿UVW

















0HWKRGV WKH OLWHUDWXUH RQ FHUHEUDO DV\PPHWU\ DV UHÀHFWHG LQ GLUHFWLRQDO





5HVXOWV ,W ZLOO EH DUJXHG WKDW WKH PRVW UHOLDEOH HYLGHQFH VXJJHVWV WKDW
GLUHFWLRQDODV\PPHWU\DQGLWVDQDWRPLFDOFRUUHODWHWKHWRUTXHLVVSHFL¿FWR
PDQWKH%URFD$QQHWWD[LRPHYHQLQFRPSDULVRQZLWKRXUFORVHVWSULPDWH
UHODWLYH WKHFKLPSDQ]HH LW LVDIHDWXUH WKDW LVQRYHO LQKRPLQLGHYROXWLRQ
7KH WRUTXHKDV WKHHIIHFWRI UHQGHULQJ WKHKXPDQEUDLQD IRXUFKDPEHUHG
VWUXFWXUHZLWK UHVSHFW WR DUHDV RI KHWHURPRGDO DVVRFLDWLRQ FRUWH[ UHODWLYH
WR WKH WZR FKDPEHUV PRWRU DQG VHQVRU\ RI RWKHU SULPDWHV ,W DOORZV D
VHJUHJDWLRQRIIXQFWLRQLQWRULJKWDQGOHIWKHPLVSKHUHVDORQJWKH$3D[LV
7KHSKHQRPHQDRIVFKL]RSKUHQLDDVPDQLIHVWDWLRQVRIRQHH[WUHPHRIYDUL
DWLRQ LQ WKHGLPHQVLRQRIDV\PPHWU\UHYHDO WKHQDWXUHRI WKHVHJUHJDWLRQ































DOWHUQDWH DSSURDFK KRZHYHU LV WR FRQFHSWXDOL]H WKH EUDLQPHFKDQLVPVRI
VFKL]RSKUHQLDDVLQYROYLQJGLVUXSWHGFRQQHFWLYLW\RUFLUFXLWU\$IXQFWLRQDO













6HYHUDO VWXGLHV VXJJHVW WKDWPDWHUQDO RU QHRQDWDO LQIHFWLRQVPD\ LQFUHDVH
WKH ULVN IRU SV\FKRVHV LQ DGXOW OLIH ,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG
WKHK\SRWKHVLVWKDWDPHQLQJLWLVLQIHFWLRQLQWKH¿UVWIRXU\HDUVRIOLIHPD\
LQFUHDVH WKH ULVN IRU D SV\FKLDWULF GLVRUGHU LQ JHQHUDO GXULQJ DGXOWKRRG
:H H[DPLQHG  LQGLYLGXDOV DIIHFWHG E\ WKH HSLGHPLF PHQLQJLWLV WKDW
RFFXUUHGLQ6DR3DXORGXULQJWKH\HDUVRIWR$VFRQWUROJURXS
ZHXVHG VLEOLQJVRI WKRVH LQGLYLGXDOVZKRGLGQRWSUHVHQWPHQLQJLWLV
DWFKLOGKRRG7KLVFRQWUROJURXSZDV WKXVZHOOPDWFKHG WR WKHPHQLQJLWLV
JURXSE\DJHERWKDURXQG\HDUVIDPLOLDOVRFLRHFRQRPLFDQGFXOWXUDO
EDFNJURXQGV:HIRXQGDQLQFUHDVHLQWKHSUHYDOHQFHRIVFKL]RSKUHQLDQ 





GHDIQHVV EXW WKH SUHYDOHQFH RI SV\FKRWLF V\PSWRPV ZDV QRW UHODWHG WR
QHXURORJLFDOVHTXHOV7KHUHZDVQRGLIIHUHQFHDPRQJWKHJURXSVLQWKHULVN
IRU RWKHU SV\FKLDWULF GLVRUGHUV:H VSHFXODWH WKDW WKLV DSSDUHQWO\ VSHFL¿F



























7KH PDMRU GLOHPPD UHVHDUFKLQJ VFKL]RSKUHQLD LV LWV SV\FKRSDWKRORJLFDO
FKDUDFWHUL]DWLRQDQGWKHHVWDEOLVKPHQWRIFRPSUHKHQVLYHQHXURSK\VLRSDWKR

















,Q WKH ODVW WZR GHFDGHV D VLJQL¿FDQW GDWD JLYHV H[WUDRUGLQDU\ LPSRUWDQFH
WRFRQVFLRXVQHVVDV UHVXOWRID VSHFLDOEUDLQGHYHORSPHQWDQG LWV LQWULFDWH
FRPSOH[ IXQFWLRQLQJ 6HYHUDO IHDWXUHV OLNH FRQQHFWLYLW\ YDULDELOLW\ SODV
WLFLW\ DELOLW\ WRFDWHJRUL]HGHSHQGHQFHRQYDOXHDQGG\QDPLFVRI UHHQWU\
FRQWULEXWHIRUWKHH[LVWHQFHDQGLQWHJULW\RIFRQVFLRXVQHVV
$ K\SRWKHVLV IRU VFKL]RSKUHQLD SKHQRPHQRORJLFDOO\ GHWHFWHG LV HOLFLWHG
EDVHG RQ VRPH QHXURSK\VLRORJLFDO GLVWXUEHG SURSHUWLHV RI FRQVFLRXVQHVV
7KHYLVLEOHDGYDQWDJHRIVXFKDSSURDFKLVWRRYHUFRPHWKHELDVHGWHQGHQF\
WRORRNIRURQHSDUWLFXODUV\PSWRPDQGRUSDUWLFXODUPHFKDQLVPWRH[SODLQ










6LPLODU WR RWKHU ORQJWHUP VWXGLHV WKH UHVXOWV RI WKH0XQLFK\HDU IRO
ORZXS VWXG\ ZKLFK FRPSDUHG WKH RXWFRPH RI ¿UVW KRVSLWDOLVHG SDWLHQWV
ZLWKVFKL]RSKUHQLF VFKL]RDIIHFWLYHDQGDIIHFWLYHSV\FKRVHVGHPRQVWUDWHG
WKDWRQDYHUDJHWKHFRXUVHDQGRXWFRPHRIVFKL]RSKUHQLDLVOHVVIDYRXUDEOH
WKDQ WKDW RI DIIHFWLYH DQG VFKL]RDIIHFWLYH GLVRUGHUV )XUWKHUPRUH LW ZDV
VKRZQ WKDW DW OHDVW D VXEJURXSRI VFKL]RSKUHQLFSDWLHQWVJHQHUDOO\KDYHD
SRRURXWFRPH1HJDWLYHV\PSWRPVRFFXUUHGLQDOOIXQFWLRQDOSV\FKRVHVEXW




SV\FKRVLV(VSHFLDOO\ WKH ORQJWHUPRXWFRPHDSSHDUV WREHSUHGRPLQDQWO\
FKDUDFWHULVHG E\ QHJDWLYH V\PSWRPVWKH GH¿FLW V\QGURPH LQ WKH VHQVH
WKDW WKHQHJDWLYHV\PSWRPVGH¿FLW V\QGURPHGLIIHUHQWLDWHPXFKEHWWHU WKH
VFKL]RSKUHQLF IURP WKH DIIHFWLYHVFKL]RDIIHFWLYHSDWLHQWV WKDQ WKHSRVLWLYH
V\PSWRPV:KLOH WKHUH LVVXFKDFOHDUVLJQDO WKDW WKH LQFUHDVHRIQHJDWLYH
V\PSWRPV LV WKH FRUH V\PSWRPDWRORJ\RI VFKL]RSKUHQLD WKH TXHVWLRQKDV






YXOQHUDELOLW\ +RZHYHU DW OHDVW LQ D VXEJURXS RI VFKL]RSKUHQLF SDWLHQWV
ZLWK DPRUH FKURQLF GHWHULRUDWLQJ FRXUVH WKHK\SRWKHVLV RI D SURJUHVVLYH
QHXURWR[LFQHXURGHJHQHUDWLYH SURFHVV KDV WR EH WDNHQ LQWR FRQVLGHUDWLRQ
6WUXFWXUDO 05, GDWD IURP VHYHUDO UHVHDUFK JURXSV VXJJHVW HYLGHQFH IRU
VWUXFWXUDOEUDLQFKDQJHVLQWKHFRXUVHRIWKHGLVHDVH7KHVHGDWDDUHLQDF
FRUGDQFH ZLWK RXU0XQLFK05, GDWDEDVH ZKLFK LQFOXGHV GDWD IURP 
SDWLHQWVDQGFRQWUROV7KHVH¿QGLQJVUHTXLUHDGGLWLRQDOUHSOLFDWLRQDQGWKH



























0HWKRGV ,Q D ¿YH\HDU ORQJLWXGLQDO VWXG\05,ZKROH EUDLQ VFDQV ZHUH
REWDLQHGIURPSDWLHQWVZLWKVFKL]RSKUHQLDDQGPDWFKHGKHDOWK\FRP
SDULVRQVXEMHFWV&KDQJHVRYHU WLPH LQ IRFDOJUD\DQGZKLWHUPDWWHUZHUH
PHDVXUHGZLWKYR[HOEDVHGPRUSKRPHWU\WKURXJKRXWWKHEUDLQ
5HVXOWV 2YHU WKH ¿YH\HDU LQWHUYDO H[FHVVLYH GHFUHDVHV LQ JUD\ PDWWHU
GHQVLW\ZHUH IRXQG LQ SDWLHQWV LQ WKH OHIW VXSHULRU IURQWDO %URGPDQQ DU


















2EMHFWLYHV 0RGHUQ LPPXQRORJLFDO PHWKRGV DQG QHZ LQVLJKWV LQWR WKH
KLJKO\GHYHORSHGDQG IXQFWLRQDOO\GLIIHUHQWLDWHG LPPXQHV\VWHPDOORZDQ
LQWHJUDWLYHYLHZRILPPXQRORJLFDODEQRUPDOLWLHVLQPDMRUSV\FKRVHV5HFHQW












DEQRUPDOLWLHV LQ PDMRU SV\FKRVHV 5HFHQW DGYDQFHV LQ LPPXQRORJLFDO
UHVHDUFK UHJDUGLQJ WKH GLIIHUHQWLDWLRQ EHWZHHQ WKH W\SH DQG W\SH LP
PXQHUHVSRQVHDQGWKHVSHFL¿FDQGXQVSHFL¿FDUPVRIWKHLPPXQHV\VWHP
DUH GLVFXVVHG7KH XQVSHFL¿F ´LQQDWH´ LPPXQH V\VWHP VKRZV VLJQV RI DQ
RYHUDFWLYDWLRQLQXQPHGLFDWHGVFKL]RSKUHQLFSDWLHQWV,QFUHDVHGOHYHOVRI
,QWHUOHXNLQ,/DQGWKHDFWLYDWLRQRIWKH,/V\VWHPLQVFKL]RSKUHQLD
PLJKW EH WKH UHVXOW RI WKH DFWLYDWLRQ RI W\SH ±PRQRF\WHVPDFURSKDJHV
WRR ,Q FRQWUDU\ VHYHUDO SDUDPHWHUV RI WKH VSHFL¿F FHOOXODU LPPXQH V\V
WHP DUH EOXQWHG HJ WKH GHFUHDVHG W\SH UHODWHG LPPXQH SDUDPHWHUV LQ
VFKL]RSKUHQLF SDWLHQWV ERWK LQYLWUR DQG LQYLYR 7KLV LV LQ OLQH ZLWK DQ
LPPXQRJHQHWLF GHIHFW LQ WKH SURFHVV RI DQWLJHQSUHVHQWDWLRQ DQGPDFUR
SKDJHDFWLYDWLRQ
&RQFOXVLRQV$W\SHW\SHLPEDODQFHZLWKDVKLIWWRWKHW\SHLPPXQH














XWHV WR QHXURWR[LF GDPDJH WR IURQWRWHPSRUDO FRQQHFWLRQV JLYLQJ ULVH WR
SURJUHVVLYHGHWHULRUDWLRQLQVRPHSDWLHQWV7KLVVXJJHVWVWKDWWKDWNHWDPLQH
 LQGXFHGSV\FKRWLF OLNHV\PSWRPVPLJKWDOVREHPHGLDWHGE\ LQFUHDVHG
JOXWDPDWH UHOHDVH LQ SUHIURQWDO IURQWDO FRUWH[:H WHVWHG WKH K\SRWKHVLV
XVLQJ IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ DQG VSHFWURVFRS\ WR IROORZ
UHJLRQDO EUDLQ UHVSRQVHV WR LY NHWDPLQH LQIXVLRQ UHÀHFWHG LQ SUHIURQWDO
LQFUHDVHGEORRGR[\JHQ OHYHO VLJQDO:HGHWHUPLQHGZKHWKHU WKH DQWLFRQ












6XEMHFWLYH HIIHFWV %356 DQG &$'6 GLVVRFLDWLYH V\PSWRPV$QDO\VLV RI
GLUHFWNHWDPLQHHIIHFW VFDQVDYHUDJHGRYHU VXFFHVVLYHPLQXWHEORFNV
DIWHU NHWDPLQH LQIXVLRQ DQG FRPSDUHGZLWK DYHUDJH SUHLQIXVLRQ EDVHOLQH
VFDQXVLQJ$129$LQ630
5HVXOWV .HWDPLQH HYRNHG LQFUHDVHV LQ PRVW V\PSWRP UDWLQJV DQG PRVW
VKRZHG VLJQL¿FDQW SDUWLDO DWWHQXDWLRQ IROORZLQJ ODPRWULJLQH SUHWUHDW
PHQW,QFUHDVHG%2/'VLJQDOZDVVHHQDIWHUNHWDPLQHLQELODWHUDOLQIHULRU
WHPSRUDO J\UXV GRUVDO	 DQWHULRU FLQJXODWH DQGPHGLDO SUHIURQWDO FRUWH[
:KHWKHUWKLVZDVDWWHQXDWHGE\ODPRWULJLQHSUHWUHDWPHQWLVEHLQJDQDO\VHG
'HFUHDVHG %2/' VLJQDO IROORZLQJ NHWDPLQH ZDV FRQ¿QHG WR VXEJHQXDO
FLQJXODWH FRUWH[ .HWDPLQH VLJQL¿FDQWO\ PRGXODWHG 1EDFN DFWLYDWLRQ LQ
KLSSRFDPSXVDQGIDFHHPRWLRQDFWLYDWLRQLQDP\JGDOD
















YROXPH HVSHFLDOO\ LQ IURQWRWHPSRUDO UHJLRQV LQFOXGLQJ WKH KLSSRFDPSDO
IRUPDWLRQ8S WRQRZ LW LVQRWHQWLUHO\FOHDUZKHUH WKHVHYROXPHFKDQJHV
FRPH IURP7KUHH VRXUFHV KDYH WR EH GLVFXVVHG YXOQHUDELOLW\ DVVRFLDWHG













































0HWKRGV 3XEOLVKHG DUWLFOHV DQG QHZ GDWD GHDOLQJZLWK WKH WRSLFZLOO EH
UHYLHZHGDQGVXPPDUL]HG
5HVXOWV $ YDULHW\ RI PHWKRGV IRU H[DPLQLQJ DVVRFLDWLRQV RI IXQFWLRQDO
PHDVXUHV DQG'7,KDYHEHHQHPSOR\HG$FRPPRQPHWKRG LV WKH LGHQWL
¿FDWLRQ RI D UHJLRQ RI LQWHUHVW GH¿QHG HLWKHUPDQXDOO\ RU DXWRPDWLFDOO\
IURPZKLFKFRUUHODWLRQVDUHSHUIRUPHGZLWKWKHGHVLUHGIXQFWLRQDOPHDVXUH
:KROHEUDLQYR[HOEDVHGWHFKQLTXHVKDYHDOVREHHQDSSOLHG7KHUHLVPXFK
LQWHUHVW DQG GHYHORSPHQW RIPHWKRGV HPSOR\LQJ D WUDFW WUDFLQJ DSSURDFK
WDNLQJ DGYDQWDJH RI WKH GLUHFWLRQDO LQIRUPDWLRQ SUHVHQW LQ WKH GLIIXVLRQ
WHQVRU
&RQFOXVLRQV )XQFWLRQDO FRUUHODWHV ZLWK '7, KDYH EHHQ REVHUYHG XVLQJ
FOLQLFDOPHDVXUHVVXFKDVQHJDWLYHV\PSWRPVDQGZLWKFRJQLWLYHPHDVXUHV
VXFKDVPHPRU\DQGH[HFXWLYH IXQFWLRQLQJ7KHVH W\SHVRIVWXGLHVVKRXOG
KHOS WKH ¿HOG H[DPLQH WKH IXQFWLRQDO DVVRFLDWLRQV RI DOWHUHGZKLWHPDWWHU
LQWHJULW\ DV PHDVXUHG ZLWK '7, )XWXUH RSSRUWXQLWLHV PD\ H[LVW LQ XVLQJ
FRPSOHPHQWDU\PHWKRGV RI DVVHVVLQJZKLWHPDWWHU VXFK DVPDJQHWL]DWLRQ








2EMHFWLYHV :KLWH PDWWHU FRQQHFWLRQV EHWZHHQ WKH IURQWDO DQG WHPSRUDO
OREHVKDYHEHHQORQJVXVSHFWHGWRSOD\DPDMRUUROHLQWKHSV\FKRSDWKRORJ\
RIVFKL]RSKUHQLD'7,LVRQHRIWKH¿UVWLQYLYRWRROVXVHGWRHYDOXDWHDQG
TXDQWLI\ WKHVHFRQQHFWLRQV LQ VFKL]RSKUHQLD7KHJRDORIRXU VWXGLHV LV WR
GHOLQHDWHDQGTXDQWLI\FRKHUHQFHDQGLQWHJULW\RIZKLWHPDWWHU¿EHUEXQGOHV
FRQQHFWLQJIURQWDODQGWHPSRUDOEUDLQUHJLRQV
0HWKRGV:HSUHVHQW IUDFWLRQDO DQLVRWURS\ )$ UHVXOWV IURP WKUHHPDMRU
IURQWDOWHPSRUDO ¿EHU WUDFWV  XQFLQDWH IDVFLFXOXV 8)Q  FKURQLF
SDWLHQWVQ FRQWUROVFLQJXOXPEXQGOH&%Q FKURQLFSDWLHQWV









&%)RUQL[ DQG8) DQG LQ DGGLWLRQSRLQWHG WR WKH DUFXDWH IDVFLFXOXV DQG
LQWHUQDOFDSVXOHVDVSRVVLEOHVRXUFHVRI)$JURXSGLIIHUHQFHV
&RQFOXVLRQV2XUGDWDSURYLGHVWURQJHYLGHQFHIRUDGLVUXSWLRQRIDQDWRPL
FDO FRQQHFWLYLW\ EHWZHHQ WKH IURQWDO DQG WHPSRUDO OREHV DQG VXJJHVW WKDW











5 -ROHV] )$ 0F&DUOH\ 5$ 6KHQWRQ 0(  8QFLQDWH )DVFLFXOXV
)LQGLQJVLQ6FKL]RSKUHQLD$0DJQHWLF5HVRQDQFH'LIIXVLRQ7HQVRU,PDJ
LQJ6WXG\$P-3V\FKLDWU\












VWXGLHV RI ELSRODU GLVRUGHU LV ZKLWH PDWWHU K\SRGHQVLWLHV 7KH GLVUXSWLRQ
ZKLWH PDWWHU K\SRGHQVLWLHV LQ FRQQHFWLRQ RI WKH OLPELF FRUWH[EDVDO




ELSRODU GLVRUGHU VSHFWUXP %36 ELSRODU W\SH ,  ELSRODU W\SH ,, 













ZKLWHPDWWHU LQ WKHFLQJXODWHJ\UXV ODWHUDO WHPSRUDOFRUWH[RUELWRIURQWDO
FRUWH[DQGPHGLDOIURQWDOFRUWH[
DVVHVVHG E\ D VWHUHRWDFWLF SURJUDP VKRZHG D UDQJH RI DOWHUDWLRQV LQ%36
FRPSDUHGZLWKFRQWUROV
&RQFOXVLRQV7KHUHDUHZKLWHPDWWHUK\SRGHQVLWLHVLQWKHFRQQHFWLRQRIWKH







2EMHFWLYHV7RGDWHPRVWPDJQHWLF UHVRQDQFH LPDJLQJ 05,¿QGLQJV LQ
VFKL]RSKUHQLD KDYH UHYHDOHG JUD\ PDWWHU DEQRUPDOLWLHV 7KH DQDO\VLV RI
ZKLWHPDWWHUKDVEHHQ OLPLWHGE\H[LVWLQJ WHFKQRORJ\EXWZLWK WKHDUULYDO










RQ FRQQHFWLYLW\ RU ¿EHU VKDSH VR DV WR UHYHDO DQDWRPLFDOO\ PHDQLQJIXO
EXQGOHVRI¿EHUWUDFHV'HSHQGLQJRQWKHDSSOLFDWLRQWKH¿QDOUHVXOWFDQEH
SUHVHQWHGLQHLWKHU¿EHURUYR[HOVSDFH
5HVXOWV:HDSSOLHGRXU UHFHQWPHWKRG WRJURXS¿EHU WUDFHV LQWRGLVFUHWH
FOXVWHUVXVLQJDPHWKRGFDOOHG1RUPDOL]HG&XWV%UXQHWDO)URP
GLVFUHWH FOXVWHUV RI ¿EHU WUDFHVZH FUHDWHG VHJPHQWDWLRQ RIZKLWHPDWWHU




&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW ¿EHU FOXVWHULQJ WHFKQLTXHV FDQ
EHXVHGWRDXWRPDWLFDOO\VHSDUDWH WUDFWRJUDSK\UHVXOWV LQWRGLIIHUHQW52,V
:KLOH WKHUH DUH VWURQJ LQGLFDWLRQV WKDW '705, UHYHDOV LQIRUPDWLRQ RI





























:H DOVR H[DPLQHG D VXEVHW RI  VFKL]RSKUHQLF DGXOWV DQG DQ DGGLWLRQDO
 DGROHVFHQWV P I PHDQ DJH  6'  UDQJH  H[






YROXPHWULFGH¿FLWV WKDQROGHUSDWLHQWVDQG WKHVHZHUHPRVWPDUNHG LQ WKH
JUD\ PDWWHU RI WKH OHIW WHPSRUDO OREH:KLWH PDWWHU ZDV PRVW GHFUHDVHG
LQ WKHPHGLDO IURQWDO OREHFLQJXODWHJ\UXVDQGIURQWDOSROHDQGUHODWLYHO\




JUD\PDWWHUYROXPHGHFUHDVH LQ VFKL]RSKUHQLD LVPRUHPDUNHG WKDQZKLWH













WKH SRWHQWLDO WR HOXFLGDWH PROHFXODU FKDQJHV WKDW RFFXU LQ GLVHDVH VWDWHV









5HVXOWV ,Q RXU UHFHQW '1$PLFURDUUD\ VWXGLHV ZH XQFRYHUHG QRYHO DQG
FRQVLVWHQWJHQHH[SUHVVLRQSDWWHUQV LQ WKHSUHIURQWDO FRUWH[RI LQGLYLGXDOV
ZLWKVFKL]RSKUHQLDZKHQFRPSDUHGWRPDWFKHGFRQWUROV:HREVHUYHGUREXVW
FKDQJHVLQWKHH[SUHVVLRQRIJHQHVUHODWHGWRSUHV\QDSWLFVHFUHWRU\UHOHDVH
7UDQVFULSWV IRU 6\QDSVLQ  1HWK\OPDOHLPLGHVHQVLWLYH IDFWRU 61$3V
YHVLFXODU SURWRQ SXPSV DQG  OHYHOVZHUH GHFUHDVHG LQ WKHPDMRULW\
RI FRPSDULVRQV DOEHLW LQ D VXEMHFWVSHFL¿FPDQQHU)XUWKHUPRUHZH DOVR
XQFRYHUHG FRQVLVWHQW WUDQVFULSWV UHODWHG WR*$%$HUJLF DQG JOXWDPDWHUJLF
WUDQVPLVVLRQ ZKLFK PD\ EH VHFRQGDU\ WR DOWHUHG SUHV\QDSWLF GULYH ,Q
DGGLWLRQ VXEMHFWV ZLWK VFKL]RSKUHQLD DOVR UHSRUWHG FRQVLVWHQW WUDQVFULSW
GHFUHDVHV RI PXOWLSOH JHQHV SDUWLFLSDWLQJ LQ YDULRXV HQHUJ\ PHWDEROLVP
SDWKZD\V DQG XELTXLQDWLRQZKLFKPD\ EH DOVR UHODWHG WR WKH SUHV\QDSWLF
JHQH H[SUHVVLRQ DOWHUDWLRQV 7KH VDPH PLFURDUUD\ GDWD VHW DOVR UHYHDOHG
PXOWLSOH FKDQJHV WKDW RFFXU DW WKH SRVWV\QDSWLF FHOO7KHVH DPRQJVW RWK
HUVH[SUHVVLRQRI$03$UHJXODWRURI*SURWHLQVLJQDOLQJ5*6DQG













&RQFOXVLRQV 7KH H[SUHVVLRQ FKDQJHV ZH REVHUYHG DUH D UHVXOW RI ERWK
JHQHWLFIDFWRUVDQGHSLJHQHWLF LQÀXHQFHV3HUKDSVQRWXQH[SHFWHGO\PDQ\
RIWKHJHQHVVKRZLQJH[SUHVVLRQFKDQJHVDUHORFDWHGLQF\WRJHQHWLFUHJLRQV
WKDWKDYHEHHQ LGHQWL¿HGDV VFKL]RSKUHQLDVXVFHSWLELOLW\ ORFL:HKDYH UH
FHQWO\IRXQGWKDWDVSHFL¿FFRPELQDWLRQRIVLQJOHQXFOHRWLGHSRO\PRUSKLVPV
613V LQ WKH¶ UHJLRQRI5*6ZDVPRUHRIWHQREVHUYHG LQ VXEMHFWV RI
VFKL]RSKUHQLDWKDQLQXQDIIHFWHGIDPLO\PHPEHUV'H¿QLQJGLVHDVHVSHFL¿F
WUDQVFULSWRPH FKDQJHV ZLOO DOVR IDFLOLWDWH GHYHORSPHQW RI DQLPDO PRGHOV





























JOXWDPDWHUJLF QHXURWUDQVPLVVLRQ7KLV SURPSWHGXV DQGRWKHUV WR GHYHORS
DQLPDOPRGHOVIRUVFKL]RSKUHQLD$WWHPSWVWRPLPLFWKHVHHIIHFWVLQUDWVKDV




WR VFKL]RSKUHQLD RQ WKHPROHFXODU OHYHO 2Q D FHOOXODU OHYHO WKH QXPEHU


















*HQHWLF HSLGHPLRORJLFDO VWXGLHV VXJJHVW WKDW LQGLYLGXDO YDULDWLRQ LQ
VXVFHSWLELOLW\ WR VFKL]RSKUHQLD LV VXEVWDQWLDOO\ JHQHWLF +RZHYHU OLNH
RWKHUFRPPRQGLVRUGHUVWKHPRGHRIWUDQVPLVVLRQLVFRPSOH[DQGSUREDEO\
UHÀHFWV ROLJRJHQLF LQKHULWDQFH DJDLQVW D SRO\JHQLF EDFNJURXQG *HQRPLF
DSSURDFKHV WR VFKL]RSKUHQLD DUH EHFRPLQJ LQFUHDVLQJO\ IHDVLEOH DV GDWD
IURP WKH JHQRPH SURMHFW DFFXPXODWH DQG WHFKQRORJ\ LPSURYHV$WWHPSWV
WRLGHQWLI\JHQHVIRUVFKL]RSKUHQLDKDYHEHHQEDVHGRQVHYHUDODSSURDFKHV
V\VWHPDWLFOLQNDJHVWXGLHVDVVRFLDWLRQVWXGLHVDQGVWXGLHVRIFKURPRVRPDO
DEQRUPDOLWLHV DVVRFLDWHG ZLWK WKH GLVRUGHU$V ODUJHU VDPSOHV KDYH EHHQ
VWXGLHG D QXPEHU RI UHODWLYHO\ FRQYLQFLQJ OLQNDJHV KDYH EHHQ UHSRUWHG
0RUHRYHUDQDO\VLVRIWKHVHFKURPRVRPDOUHJLRQVKDVUHYHDOHGHYLGHQFHLQ
IDYRXU RI VHYHUDO SRVLWLRQDO FDQGLGDWH JHQHV7KLV HYLGHQFH QRZ VWURQJO\
LPSOLFDWHV'71%3 DQG15* DV VXVFHSWLELOLW\ JHQHV IRU VFKL]RSKUHQLD
ZKLOHWKHGDWDIRU'$2'$2$',6&DQG5*6DUHSURPLVLQJ+RZHYHU
WKHUHDUHUHDVRQV WRUHPDLQFDXWLRXVSHQGLQJWKHUHVXOWVRIIXUWKHUJHQHWLF
DQG ELRORJLFDO VWXGLHV 7KH SRVLWLYH ¿QGLQJV SRWHQWLDOO\ FRQYHUJH XSRQ












































5HVXOWV 3DWLHQWV WUHDWHG ZLWK ((3$ VKRZHG D VLJQL¿FDQWO\ JUHDWHU SHU
FHQWDJH LQFUHDVH IRU WKH FRPELQHG JOXWDPDWHJOXWDPLQH SHDN ) 

























0HWKRGV :H H[DPLQHG WKH JOLDOW\SH VSHFL¿F SDWKRORJ\ LQ 6&+= E\
DQDO\]LQJ*)$3LPPXQRUHDFWLYHDVWURF\WHVLQFRQWUDVWWRWKH1LVVOVWDLQHG
JHQHUDO SRRO RI JOLDO FHOOV LQ GO3)& DUHD :H XVHG SRVWPRUWHP EUDLQ



























6%KDVEHHQVKRZQ WREH LQFUHDVHG LQDFXWHEUDLQGDPDJHDQGQHXUR





0HWKRGV 7KH VWXG\ SUHVHQWHG KHUH LQFOXGHG  FKURQLF VFKL]RSKUHQLF
SDWLHQWVZLWKSUHGRPLQDQWQHJDWLYHV\PSWRPV,QDGRXEOHEOLQGGHVLJQDOO
SDWLHQWVZHUH UDQGRPO\DVVLJQHG WR D VWDQGDUGL]HG WUHDWPHQWZLWK ULVSHUL
GRQH RU ÀXSHQWL[ROH 3V\FKRSDWKRORJ\ 3$166 DQG6% VHUXP OHYHOV
TXDQWLWDWLYHLPPXQRDVVD\ZHUHH[DPLQHGDWLQWDNHDIWHUDQGZHHNV
RIWUHDWPHQW
5HVXOWV &RPSDUHG WR DJH DQG VH[PDWFKHG KHDOWK\ FRQWUROV WKH VFKL]R































PDWWHU LQ QHXURLPDJLQJ VWXGLHV DEQRUPDOLWLHV LQ 2/ DQGP\HOLQUHODWHG
JHQH H[SUHVVLRQ ORVV RI2/ LQ WKH SUHIURQWDO FRUWH[ 3)& KDYH EHHQ UH














0HWKRGV (OHFWURQPLFURVFRS\ZDV DSSOLHG WR VWXG\ WKH XOWUDVWUXFWXUH RI
P\HOLQDWHG¿EHUV7ZRGLPHQVLRQDOPRUSKRPHWULFVWXG\ZDVSHUIRUPHGWR
HVWLPDWHWKHSHUFHQWDJHRIQRUPDODQGSDWKRORJLFDOP\HOLQDWHG¿EHUVLQWKH




















WKH 6WDQOH\ )RXQGDWLRQ1HXURSDWKRORJ\ &RQVRUWLXP 6FKL]RSKU 5HV 

9RVWULNRY90 HW DO  /RZHUHG ROLJRGHQGURJOLDO GHQVLW\ LQ WKH SUH








0HWKRGV ,PDJLQJDQGSRVWPRUWHPGDWDZLOO EH UHYLHZHGGHPRQVWUDWLQJ
WKDW WKH KXPDQ EUDLQ LV XQLTXH LQ LWV KLJK P\HOLQ FRQWHQW DQG H[WHQGHG









P\HOLQDWLRQ SURFHVV WRJHWKHUZLWK IDFWRUV WKDW GHUDLO LW DUH V\QWKHVL]HG LQ
D ÄP\HOLQPRGHO³ RI WKH KXPDQ EUDLQ WKDW FXWV DFURVV WKH FXUUHQW V\PS
WRPEDVHGFODVVL¿FDWLRQRIQHXURSV\FKLDWULFGLVRUGHUV7KHGHYHORSPHQWDO
SHUVSHFWLYH RI WKH PRGHO VXJJHVWV WKDW G\VUHJXODWLRQV LQ WKH P\HOLQDWLRQ
SURFHVV FRQWULEXWH WR SUHYDOHQW HDUO\OLIH QHXURSV\FKLDWULF GLVRUGHUV VXFK
DV VFKL]RSKUHQLD DXWLVP DQG DGGLFWLRQ7KHVH GLVRUGHUV VKDUH GH¿FLWV LQ

















%DUW]RNLV *$OWVKXOHU //  %LRORJLFDO XQGHUSLQQLQJV RI WUHDWPHQW
















7' ZDV LQYHVWLJDWHG LQ D SURVSHFWLYH VWXG\ LQ D VDPSOH RI ¿UVWHSLVRGH
VFKL]RSKUHQLDVXEMHFWVQ :HLQYHVWLJDWHGZKHWKHUWKHXVHRIYHU\



















































SDVW¿YH\HDUVKDYHZLWQHVVHGDSHULRGRI UDSLGFKDQJH LQ WKHSKDUPDFR
WKHUDS\RIVFKL]RSKUHQLD&OLQLFDOH[SHULHQFHDQGVXEVHTXHQWVWXGLHVZLWK
DW\SLFDODQWLSV\FKRWLFVVXJJHVWVWKDWWKHUHDUHSDUWLFXODUSDWLHQWVXEJURXSV
ZKLFK FDQ EHQH¿W IURP WKHVH WUHDWPHQW DGYDQFHV 7KLV SUHVHQWDWLRQ ZLOO
IRFXVRQWKHH[SDQGLQJFOLQLFDOLQGLFDWLRQVIRUDW\SLFDODQWLSV\FKRWLFVZLWK
UHVSHFWWRDJJUHVVLRQDQGRQWKHLUUROHLQWKHDFXWHPDQDJHPHQWRISDWLHQWV

















&RPSOLDQFH LV D KLJKO\ LPSRUWDQW IDFWRU IRU SURJQRVLV DQG RXWFRPH LQ
VFKL]RSKUHQLD SDWLHQWV ,W LV GHWHUPLQHG E\ IDFWRUV UHODWHG WR WKH SDWLHQWV























0HWKRGV 3DWLHQWV RQ PRQRWKHUDS\ ZLWK FOR]DSLQH Q  RODQ]DSLQH













RI FOR]DSLQH DQG RODQ]DSLQH ZLWK DGYHUVH FKDQJHV LQ JOXFRVH OLSLG DQG
ZHLJKWPHWDEROLVPFRPSDUHGWRULVSHULGRQHDQGFRQYHQWLRQDODQWLSV\FKRW
LFV7KLV HYLGHQFHRIGLIIHUHQWLDO OLDELOLW\RIPHWDEROLFGLVWXUEDQFHDUJXHV


















'RVLQJ UHJLPHQV IRU SV\FKRWURSLF GUXJV DUH IUHTXHQWO\ EDVHG RQ SODVPD




WKHLU HIIHFWV LQ WKH EUDLQ )RU TXDQWL¿FDWLRQ RI VWULDWDO DQG H[WUDVWULDWDO
GRSDPLQH'DQGFRUWLFDOVHURWRQLQ$+7$UHFHSWRURFFXSDQF\
SRVLWURQHPLVVLRQ WRPRJUDSK\ 3(7DQG >&@ODEHOHG OLJDQGVZHUHXVHG

















2EMHFWLYHV ,W LV D ZHOO NQRZQ IDFW WKDW GUXJV WKDW EORFN GRSDPLQH '
UHFHSWRUVOHDGWRDQDQWLSV\FKRWLFUHVSRQVH7KLVDVVRFLDWLRQKDVEHHQZHOO
UHSOLFDWHGLQLQYLWURH[YLYRDQGQHXURLPDJLQJVWXGLHV+RZHYHULWUHPDLQV
XQFOHDUZKLFK' UHFHSWRUV DUH FULWLFDOZKDW LV WKH WHPSRUDO UHODWLRQVKLS
EHWZHHQ' EORFNDGH DQG DQWLSV\FKRWLF UHVSRQVH DQGZK\ D EORFNDGH RI
GRSDPLQH ' UHFHSWRUV OHDGV WR D FKDQJH LQ WKH SDWLHQWV H[SHULHQFH RI
SV\FKRVLV
0HWKRGV6WXGLHVH[DPLQLQJ WKH UHODWLRQVKLSEHWZHHQVWULDWDO &5DFOR
SULGH DQG H[WUDVWULDWDO &)/% ' EORFNDGH DQG DQWLVS\FKWRLF
UHVSRQVH LQFRQWUROOHGFOLQLFDO WULDOV$QDO\VHVH[DPLQLQJ WKHVSHHGRI LQ
VWDQWLDWLRQRIWKH'EORFNDGHRQRQHKDQGDQGWKHRQVHWRIFOLQLFDODQWLS
V\FKRWLF UHVSRQVH RQ WKH RWKHU 6WXGLHV H[DPLQLQJ WKH SDWLHQWV¶ UHVSRQVHV
DERXW KRZ DQWLSV\FKRWLFV HIIHFW WKHLU VXEMHFWLYH H[SHULHQFH RI SV\FKRVLV
DQGWKHGHYHORSPHQWRIDQHZVFDOHWRH[DPLQHWKHGLIIHUHQWGLPHQVLRQVRI
SV\FKRVLVDQGWKHLUWHPSRUDOUHODWLRQVKLSWRWKHRQVHWRIWUHDWPHQW
5HVXOWV 7KH GDWD FRQ¿UP WKH UHODWLRQVKLS EHWZHHQ µVWULDWDO¶ GRSDPLQH
' EORFNDGH DQG DQWLSV\FKRWLF UHVSRQVH ± HVSHFLDOO\ WKH LPSURYHPHQW LQ
SRVLWLYHV\PSWRPV7KHUHODWLRQVKLSRIWKHH[WUDVWULDWDOUHJLRQVSUHIURQWDO
WHPSRUDO WKDODPLF DQG DQWLSV\FKRWLF UHVSRQVH ZDV QR VWURQJHU DQG LQ
PRVW LQVWDQFHVZDVZHDNHU WKDQ WKDWRIVWULDWDO UHJLRQVDQGDQWLSV\FKRWLF
UHVSRQVH 'DWD IURP VHSDUDWH VWXGLHV VKRZV WKDW ' EORFNDGHZLWK FOLQL
FDOGRVHVLVUDWKHULQVWDQWDQHRXV±DQGZHQRZKDYHHYLGHQFHWKDWFOLQLFDO
UHVSRQVHEHJLQVDOPRVWFRQWHPSRUDQHRXVO\7KRXJKWKHGHYHORSPHQWRIIXOO
UHVSRQVH WDNHV WLPH )LQDOO\ LW VHHPV WKDW IURP WKH SDWLHQWV¶ SHUVSHFWLYH
HVSHFLDOO\ LQ WKH ¿UVW IHZ ZHHNV RI WUHDWPHQW ZKDW DQWLSV\FKRWLFV GR LV
HQJHQGHU D ³GHWDFKPHQW´ IURP WKH V\PSWRPVPRUH WKDQ WKH\ ³HUDGLFDWH´
WKHV\PSWRPV
&RQFOXVLRQV7KHIRUHJRLQJVWXGLHVDQGWKDWDWWHQGDQWSUHFOLQLFDOOLWHUDWXUH
DOORZ RQH WR SURSRVH WKH IROORZLQJ K\SRWKHVLV$QWLSV\FKRWLFV YLD WKHLU
EORFNDGHRIWKHGRSDPLQH'UHFHSWRUVHVSHFLDOO\WKRVHLQWKHOLPELFYHQ
WUDOVWULDWXPOHDGWRDGDPSHQLQJRIWKHPRWLYDWLRQDOVDOLHQFHRIV\PSWRPV















2EMHFWLYHV $ VFLHQWL¿F FRQVHQVXV VXSSRUWV WKH QRWLRQ WKDW GRSDPLQH
'' UHFHSWRU RFFXSDQF\ LQ YHQWUDO VWULDWDO DQG H[WUDVWULDWDO UHJLRQV LV
KHOSIXO IRU DQWLSV\FKRWLF HIIHFW +RZHYHU GRSDPLQH EORFNDGH LV DOVR DV
VRFLDWHG ZLWK PDQ\ XQZDQWHG VLGH HIIHFWV DQG DQ LPSRUWDQW PLQRULW\ RI
SDWLHQWV UHVSRQG OHVV WKDQ RSWLPDOO\ WR FXUUHQWO\ DYDLODEOH GUXJV 7KHUH
LV DSUHVVLQJQHHG WR LQYHVWLJDWHDOWHUQDWLYH WDUJHWV IRUGUXJGHYHORSPHQW
7KH10'$5 1PHWK\OGDVSDUWDWH UHFHSWRU LRQ FKDQQHO LV D SURPLVLQJ




D UHJXODWRU\PDQQHU8QWLO UHFHQWO\ LWKDVEHHQ LPSRVVLEOH WRHYDOXDWH WKH
10'$5FKDQQHOLQOLIH:HQRZXVHWKHQRYHOKLJKO\VHOHFWLYH3&30.
NHWDPLQH LQWUDFKDQQHO 10'$5 VLWH 63(7 OLJDQG >,@ &16 WR
DVVHVV WKH LPSDFW RI VFKL]RSKUHQLD DQG DQWLSV\FKRWLF GUXJ WUHDWPHQW RQ
>,@&16ELQGLQJLQYLYR
0HWKRGV+HDOWK\FRQWUROVQ GUXJIUHHVFKL]RSKUHQLFSDWLHQWVQ 
W\SLFDO DQWLSV\FKRWLF WUHDWHG Q  DQG FOR]DSLQH WUHDWHG SDWLHQWV Q 
ZHUHVWXGLHGZLWK>,@&1663(7.LQHWLFDQGHTXLOLEULXPPRGHO
OLQJRI>,@&16WLPHDFWLYLW\FXUYHVJHQHUDWHGSDUDPHWHUVHVWLPDWLQJ
>,@&16  ELQGLQJ WR WKH LQWUDFKDQQHO10'$5 VLWH %UHVVDQ HW DO
(UODQGVVRQHW DO7KHVH LQFOXGHG WRWDOYROXPHRIGLVWULEXWLRQ









ERWK%,DQG%,'UXJ IUHHSDWLHQWV VKRZHGVLJQL¿FDQWO\ ORZHU%,DQG
%,YDOXHVLQPHGLDOWHPSRUDOFRUWLFDOUHJLRQVWKDQFRQWUROV7KLVGLIIHUHQFH
LQ%,DQG%,ZDVQRWHYLGHQWLQGUXJWUHDWHGSDWLHQWV
&RQFOXVLRQV 7KHVH GDWD VXJJHVW DQ DOWHUQDWLYHPRGH RI DFWLRQ RI DQWLS
V\FKRWLF GUXJV ZKHUHE\ 10'$ G\VIXQFWLRQ LQ FRUWLFROLPELF UHJLRQV LV




















2EMHFWLYHV 2FFXSDQF\ RI 'OLNH GRSDPLQH UHFHSWRUV LV QHFHVVDU\ EXW
QRW VXI¿FLHQW IRU DQWLSV\FKRWLF HI¿FDF\ )XUWKHUPRUH WKH VWULDWXP DV WKH
WDUJHWVWUXFWXUHLQPDQ\3(7RFFXSDQF\VWXGLHVPLJKWQRWEHWKHIRUPDWLRQ
ZLWK WKH FORVHVW UHODWLRQVKLS WR VFKL]RSKUHQLF SKHQRPHQRORJ\7KHUHIRUH
ZH SHUIRUPHG3(7 VWXGLHV RQ WKH SUHV\QDSWLF DQG H[WUDVWULDWDO DFWLRQV RI
DQWLSV\FKRWLFV
0HWKRGV 6XEFKURQLF WUHDWPHQW ZLWK KDORSHULGRO GRZQUHJXODWHV GRSD
GHFDUER[\ODVH DFWLYLW\ ''& LQ VFKL]RSKUHQLF SDWLHQWV DVPHDVXUHGZLWK










5HVXOWV $FXWH KDORSHULGRO VLJQL¿FDQWO\ LQFUHDVHG WKH PDJQLWXGH RI WKH
>)@)'23$3(7 QHW EORRGEUDLQ FOHDUDQFH.LQDSS LQ WKH SXWDPHQ 
DQG PHVHQFHSKDORQ  )XUWKHUPRUH WKH GLVWULEXWLRQ YROXPH 9H' LQ
EUDLQZDV LQFUHDVHG E\  ,QFUHPHQWV RI N' LQ EDVDO JDQJOLD UHDFKHG
QRWVWDWLVWLFDOVLJQL¿FDQFH)RUFOR]DSLQHPHDQ'UHFHSWRURFFXSDQF\ZDV
VWDWLVWLFDOO\ VLJQL¿FDQWO\KLJKHU LQ FRUWLFDO LQIHULRU WHPSRUDO FRUWH[
WKDQLQVWULDWDOUHJLRQVSXWDPHQFDXGDWH:KLOHWKHPD[LPXP
DWWDLQDEOHUHFHSWRURFFXSDQF\(PD[ZDVFORVHWRERWKLQVWULDWXPDQG




&RQFOXVLRQV 7KH SUHVHQW 3(7 UHVXOWV LQGLFDWH SRWHQWLDWLRQ RI )'23$
XWLOL]DWLRQ LQ KXPDQ EDVDO JDQJOLD E\ DFXWH KDORSHULGRO WUHDWPHQW DSSDU























EUDLQ UHJLRQV DQG WKHUHIRUH DVVXPLQJO\ D FKDQJH RIPRPHQWDU\ FRJQLWLYH























E\ PHDQV RI WKH 1 DQG 3 FRPSRQHQWV RI WKH HYHQWUHODWHG SRWHQWLDOV
(53V LQ WKH WZR VFKL]RSKUHQLD VXEJURXSV ,QGXFHG  +] JDPPD DQG
HYHQWUHODWHGFRKHUHQFHLQWKHZKROH(53HSRFKZHUHVWXGLHGDVLQGLFHVRI
IXQFWLRQDOFRQQHFWLYLW\










WRSRJUDSKLF DEQRUPDOLWLHV RI WKH 1 HOLFLWHG E\ VWDQGDUG VWLPXOL ZHUH
REVHUYHG DV FRPSDUHG WR ERWK 1'6 DQG +&6 /25(7$ GHPRQVWUDWHG
UHGXFHG FXUUHQW VRXUFH GHQVLW\ LQ WKH OHIW FLQJXODWH LQ'6SDWLHQWV YHUVXV
+&6 ,Q1'6SDWLHQWV 3E DPSOLWXGHZDV VLJQL¿FDQWO\ UHGXFHG RYHU WKH
SRVWHULRU WHPSRUDO UHJLRQVZLWK UHVSHFW WR+&6 ,Q1'6 SDWLHQWV YHUVXV
+&6/25(7$ VKRZHG UHGXFHG FXUUHQW VRXUFH GHQVLW\ LQ WKH OHIW IURQWR















7KH SULQFLSOH RI ((*EDVHG GUXJ FODVVL¿FDWLRQ LV WKDW VLQJOH GRVHV RI
WKHUDSHXWLFDOO\ HTXLYDOHQW SV\FKRWURSLFV FDXVH VLPLODU ((* FKDQJHV







TXHWLDSLQH DQG ULVSHULGRQH RQ VFDOSUHFRUGHG PXOWLFKDQQHO ((*V ZHUH





$OO VXEMHFWV ZHQW WKURXJK VHYHQ VHVVLRQV ,Q HDFK VHVVLRQ ((*V ZHUH
UHFRUGHGEHIRUHDQGDQGKRXUVDIWHUGUXJDGPLQLVWUDWLRQ
*OREDO )LHOG 3RZHU *)3 LQ GHOWD IUHTXHQF\ EDQG  +] LQFUHDVHG
DURXQGWKHWLPHRISHDNVHUXPFRQFHQWUDWLRQRITXHWLDSLQHDQGULVSHULGRQH
FRPSDUHGWREDVHOLQH7KHLQFUHDVHRI*)3LQGHOWDDFWLYLW\DIWHUTXHWLDSLQH
ZDV VLJQL¿FDQWO\ SURPLQHQW LQ FRPSDULVRQ WR WZR RWKHU DW\SLFDO DQWLSV\
FKRWLFGUXJVSHURVSLURQHDQGRODQ]DSLQHDVZHOODVWRW\SLFDODQWLSV\FKRWLF

























ZHUHHVWLPDWHGE\ ORZUHVROXWLRQEUDLQHOHFWURPDJQHWLF WRPRJUDSK\ /2
5(7$
5HVXOWV,VVXHLDPSOLWXGHRIGHOWDRFFLSLWDODUHDDQGDOSKDSDULHWDO
RFFLSLWDO WHPSRUDO DQG OLPELF DUHDV KDG DQ LQWHUPHGLDWH YDOXH LQ0&,


















2EMHFWLYHV ([SHULHQFHGHSHQGHQW FRUWLFDO SODVWLFLW\ REVHUYHG GXULQJ
SRVWWUDLQLQJVOHHSKDVEHHQK\SRWKHVL]HGWREHSDUWRIWKHJOREDOSURFHVVRI







ODE$IWHU DQDGDSWDWLRQQLJKW VXEMHFWVZHUH UDQGRPO\DVVLJQHG LQ WKHQG
DQG UG QLJKW HLWKHU WR D FRQWURO FRQGLWLRQZLWKRXW LQWHQWLRQDO OHDUQLQJ RU





5HVXOWV &KDQJHV LQ VSLQGOH LQWHQVLW\ H[SHULPHQWDOPLQXV FRQWURO QLJKW
ZHUHVLJQL¿FDQWO\FRUUHODWHGWRRYHUQLJKWFKDQJHVLQPHPRU\SHUIRUPDQFH
U   S7KHVH FRUUHODWLRQVZHUHPRVW SURPLQHQW LQ WKH¿UVW WKUHH
KRXUV SDUWV RI WKH QLJKW &KDQJHV LQPHPRU\ SHUIRUPDQFH FRUUHODWHG
VLJQL¿FDQWO\RQO\ZLWKIDVWEXWQRWZLWKVORZVSLQGOHPHDVXUHV&RUUHODWLRQ
DQDO\VHV EHWZHHQ FKDQJHV LQ /25(7$ VSLQGOH SRZHU DQG PHPRU\ SHU
IRUPDQFH GHPRQVWUDWHG VLJQL¿FDQW QHJDWLYH FRUUHODWLRQV DW  +] OHIW
WHPSRURRFFLSLWDOO\ DQG VLJQL¿FDQWSRVLWLYH FRUUHODWLRQV DW +] LQ WKH
ULJKWPHGLDO WHPSRUDO OREH LQFOXGLQJ KLSSRFDPSXV SURSHU WKH IXVLIRUP


































FLQJXODWH FRUWH[ WKH LQVXOD DQG WKH PLGGOH IURQWDO J\UXV ZLWK D PHDQ
(XFOLGHDQGLVWDQFHRI)PPEHWZHHQWKH%2/'FHQWHUVRIJUDYLW\
DQGWKHORZUHVROXWLRQHOHFWURPDJQHWLFWRPRJUDSK\/25(7$PD[LPD$
VHFRQG FRPELQHG I05,((* VWXG\ IRXQG D KLJK FRUUHODWLRQ EHWZHHQ WKH
H[WHQWRII05,DFWLYDWLRQQXPEHURIDFWLYDWHGYR[HOVDQGWKHPHDQFXUUHQW


















VWLPXODWLRQ LV VKRUWOLYHG DQG UDSLGO\ KDELWXDWLQJ (YLGHQFH VXJJHVWV WKDW







DQG DQLPDOV ,Q KXPDQVZH XVHG IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ
DQG QHXURSV\FKRORJLFDO WHVWLQJ LQ PLFH ZH XVHG PROHFXODU ELRORJLFDO
HOHFWURSK\VLRORJLFDODQGEHKDYLRUDOWHVWLQJ
5HVXOWV ,Q KXPDQV WU63 LQFUHDVHG EORRG R[\JHQ OHYHOGHSHQGHQW VLJQDO
LQDP\JGDOD7KLVZDVDFFRPSDQLHGE\EHKDYLRUDOFKDQJHVLQDYLVXDOGRW
SUREHZKLFKZDVSUHYLRXVO\VHHQRQO\LQKLJKDQ[LRXVVXEMHFWVDQGVXEMHFWV















2EMHFWLYHV 6HQVLWLYLW\ WR HPRWLRQDO VWUHVV LV NQRZQ WR SURYRNH PRRG
HSLVRGHVLQELSRODUSDWLHQWV+RZHYHUVRPHSDWLHQWVUHPDLQVWDEOHRQPHGL






0HWKRGV7UDQVLHQW VDGQHVVZDV LQGXFHG LQ HXWK\PLF OLWKLXP UHVSRQGHUV
ZLWK%' DQG WKHLU KHDOWK\ VLEOLQJV5HJLRQDO EORRG ÀRZ U&%) FKDQJHV
ZHUH PHDVXUHG XVLQJ 2ZDWHU SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7















KLVWRU\ RI WKH LOOQHVV )XUWKHUPRUH LQ WZR UHJLRQV LQFUHDVHGPHWDEROLVP
SURWHFWV DJDLQVW HPRWLRQDO GHFRPSHQVDWLRQ ,QWHUDFWLRQ EHWZHHQ WKHVH
UHJLRQVRQDQLQFUHDVHGDFWLYLW\OHYHOLVUHOHYDQWIRUHPRWLRQDOKRPHRVWDVLV




















RI WKH VRFDOOHG WKHRU\RIPLQG 720DELOLW\ZKLFKDOORZVXV WRSUHGLFW
DQGH[SODLQRWKHUSHRSOHVEHKDYLRUDQG VHFRQGGLVWXUEDQFHVRI VHOIFRQ
VFLRXVQHVVWKDWDOORZVWRUHSUHVHQWRQHVRZQPHQWDORUERGLO\VWDWHVDVRQHV
RZQPHQWDO RU ERGLO\ VWDWHV DQG FRPSULVHV HVVHQWLDO FRQVWLWXHQWV VXFK DV
WKHH[SHULHQFHVRIRZQHUVKLSERG\FHQWHUHGVSDWLDOSHUVSHFWLYLW\DQGORQJ
WHUPXQLW\RIEHOLHIVDQGDWWLWXGHV:HSUHVHQWDWD[RQRP\WKDWGLIIHUHQWLDWHV
GLIIHUHQW OHYHOV RI VHOIFRQVFLRXV VWDWHV 7KLV WD[RQRP\ ZLOO EH HQULFKHG
E\ GLIIHUHQW H[SHULPHQWDO DSSURDFKHV WKDW RSHUDWLRQDOL]H WKH VSHFL¿F GLI
IHUHQFH RI ¿UVWSHUVRQ 33 FHQWHUHG XSRQ RQHV RZQ ERG\ DV RSSRVHG






















2EMHFWLYHV 7KHUH DUH VRPH PHWKRGRORJLFDO OLPLWDWLRQV RI IXQFWLRQDO
QHXURLPDJLQJVWXGLHVLQSDWLHQWVZKLFKSURKLELWGLUHFWLQYHVWLJDWLRQRIWKH
QHXUDOVXEVWUDWHVRIFRJQLWLYHGH¿FLWV,QRUGHUWRLGHQWLI\VSHFL¿FG\VIXQF
WLRQDO EUDLQ QHWZRUNV ZKLFK PD\ SHUPLW D ELRORJLFDO FKDUDFWHUL]DWLRQ RI
PHQWDOGLVRUGHUVLWLVQHFHVVDU\WRFRPELQHIXQFWLRQDOQHXURLPDJLQJVWXGLHV
LQ KHDOWK\ KXPDQ VXEMHFWV ZLWK FRUUHVSRQGLQJ EHKDYLRUDO H[SHULPHQWV LQ
SDWLHQWV ZLWK SV\FKLDWULF V\QGURPHV:HZLOO H[HPSOLI\ WKLV DSSURDFK LQ
WKH DUHDRI H[HFXWLYH IXQFWLRQVZKLFK DUHGLVWXUEHG LQ VHYHUDO SV\FKLDWULF
GLVRUGHUV
0HWKRGV7KH VWXGLHVSUHVHQWHGKHUHXVHG IXQFWLRQDOPDJQHWLF UHVRQDQFH





LQJ PHPRU\ FRQÀLFW GHWHFWLRQ DQG UHVROXWLRQ DV ZHOO DV WKH HYDOXDWLRQ
RI EHKDYLRUDO UHOHYDQFH LQ KHDOWK\ KXPDQ VXEMHFWV SHUIRUPLQJ GLIIHUHQW
ZRUNLQJPHPRU\ DQG WDVN VZLWFKLQJ H[SHULPHQWV )XUWKHUPRUH XVLQJ WKH
VDPH H[SHULPHQWDO SDUDGLJPV SDWLHQWV GLDJQRVHG WR VXIIHU IURP GLIIHUHQW
PDMRUSV\FKLDWULFGLVRUGHUVZHUHEHKDYLRUDOO\WHVWHGZLWKUHVSHFWWRSRVVLEOH
GLVWXUEDQFHVRIWKHVHH[HFXWLYHIXQFWLRQV







&RQFOXVLRQV 7RJHWKHU WKHVH VWXGLHV SURYLGH HYLGHQFH IRU VHOHFWLYH G\V
IXQFWLRQVRIFRUWLFDOQHWZRUNVZKLFKXQGHUOLHVSHFL¿FGH¿FLWVRIFRJQLWLYH
FRQWURO LQPDMRU SV\FKLDWULF GLVRUGHUV7KH LGHQWL¿FDWLRQ RI VXEJURXSV RI
SV\FKLDWULFSDWLHQWVDFFRUGLQJ WRQHXURFRJQLWLYHSDUDPHWHUVPD\ IDFLOLWDWH
WKH HVWDEOLVKPHQW RI EHKDYLRUDO DQG QHXURSK\VLRORJLFDO HQGRSKHQRW\SHV


















HUV GXULQJ QHXURWUDQVPLVVLRQ LQ RUGHU WR IXUWKHU HOXFLGDWH RUJDQL]DWLRQDO
SULQFLSOHVRIWKHKHDOWK\3&)
0HWKRGV :H DSSOLHG TXDQWLWDWLYH LQ YLWUR UHFHSWRU DXWRUDGLRJUDSK\ WR
GHWHUPLQHDUHDODQGODPLQDUGLVWULEXWLRQSDWWHUQVRIUHFHSWRUVIRUJOXWDPDWH
*$%$ DFHW\OFKROLQH QRUDGUHQDOLQ VHURWRQLQ DQG GRSDPLQH LQ WKH 3)&
RI  KXPDQ EUDLQVZLWK QR UHFRUG RI QHXURORJLFDO RU SV\FKLDWULF GLVHDVHV
\HDUVROGIHPDOHVPDOHV7KHFRGLVWULEXWLRQSDWWHUQVRIWKH
H[DPLQHGUHFHSWRUW\SHVLQGH¿QHGEUDLQUHJLRQVZHUHYLVXDOLVHGDVUHFHS




5HVXOWV7UDQVPLWWHU UHFHSWRUV DUHKHWHURJHQHRXVO\GLVWULEXWHG WKURXJKRXW








































VORWPDFKLQHV VGHOD\SHULRG LQZKLFKVSLQQHUV URWDWHGDQGVWRSSHG
VXFFHVVLYHO\VDQGDQRXWFRPHSKDVH6VLQZKLFKWKHSLFWXUHVRI
RUDRUELOOVZHUHSUHVHQWHG'XULQJWKHVHSKDVHVDSLHFKDUW
LQGLFDWHG WKHSUREDELOLW\RIZLQQLQJ D FHUWDLQ DPRXQWRIPRQH\6XEMHFWV
SUHVVHGDUHVSRQVHEXWWRQDW6DQG66XEMHFWVNQHZWKHZLQQLQJSURE




WLRQ VLJQDO DQG LQ D VXVWDLQHG IDVKLRQZLWK UHZDUGXQFHUWDLQW\0RUHRYHU
GLVWLQFW DFWLYLW\ G\QDPLFV ZHUH REVHUYHG LQ SRVWV\QDSWLF GRSDPLQHUJLF
SURMHFWLRQVLWHVWKHSUHIURQWDOFRUWH[UHVSRQGHGWRWKHWUDQVLHQWHUURUSUHGLF





















PHPRU\ IRUPDWLRQ LQERWKSDWLHQWV DQG LQ ORZ VXESV\FKRWLFGRVHNHWD
PLQHWUHDWHGYROXQWHHUV WRHVWDEOLVKZKHWKHU WKHNQRZQGH¿FLWV WKDWRFFXU
XQGHU ERWK FLUFXPVWDQFHV DUH XQGHUSLQQHG E\ FRPSDUDEOH QHXURSK\VL
RORJLFDODEQRUPDOLWLHV7KHVHREMHFWLYHVDUHEDVHGXSRQWKHEHOLHIWKDWSV\
FKRSKDUPDFRORJLFDO I05, SURYLGHV D YDOXDEOH FRPSOHPHQW WR EHKDYLRUDO
SV\FKRSKDUPDFRORJLFDOVWXGLHV







































OREH LVYLWDOO\ LQYROYHG LQWR WKLVSURFHVV7KHUHIRUHZHKDYH IRFXVVHGRXU
UHVHDUFKXVLQJGLIIHUHQWPHWKRGVIURPI05,WRJHQHH[SUHVVLRQVWXGLHV WR
XQGHUVWDQG WKH XQGHUO\LQJ SDWKRSK\VLRORJ\ RI IURQWDO OREH G\VIXQFWLRQ LQ
VFKL]RSKUHQLD
0HWKRGV DQG5HVXOWV ,QLWLDO UHVXOWV RI D ODUJH VFDOH QHXURSV\FKRORJLFDO
VWXG\VXJJHVWWKDWWKHUHDUHVXEJURXSVRISDWLHQWVZLWKVFKL]RSKUHQLDVKRZ






GLVWXUEHG J\UL¿FDWLRQ SDWWHUQ LQ VFKL]RSKUHQLF SDWLHQWV FRPSDUHG WR WKHLU













*UXEHU 2 *UXEHU ( )DONDL 3  1HXURQDOH .RUUHODWH JHVW|UWHU
$UEHLWVJHGlFKWQLVIXQNWLRQHQ EHL VFKL]RSKUHQHQ 3DWLHQWHQ $QVlW]H ]XU



















,QWURGXFWLRQ DQG 2EMHFWLYHV 'HVSLWH WKHLU LPSDFW RQ ZHOOEHLQJ DQG









)ROORZLQJIDFWRUDQDO\VHVRI LWHPVUHODWLQJ WR WKH WRQHDQG WKHFRQWHQW
RI WKH KDOOXFLQDWLRQV DQG WKH IHHOLQJV WKH\ HOLFLWHG WZR VFDOHVZHUH FRQ
VWUXFWHGD3RVLWLYH5HVSRQVH6FDOHDQGD1HJDWLYH5HVSRQVH6FDOH156
7KH VFDOH VFRUHVZHUH FRQYHUWHG WR SHUFHQWDJHV DQG WKHQ VXEWUDFWHG IURP
















OLNHO\ WRFRPSO\ZLWK&+V RUGLQDO ORJLVWLF UHJUHVVLRQS  3RZHUIXO
YRLFHVZHUHDVH[SHFWHGPRUHOLNHO\WREHFRPSOLHGZLWKS 
&RQFOXVLRQV ,Q VWXGLHV DLPHG DW H[DPLQLQJ HLWKHU WKH QHXURELRORJLFDO
XQGHUSLQQLQJV RI$+V RU WKHLU UHVSRQVH WR WUHDWPHQWV VXFK DV706 LW LV
LPSRUWDQWWRVWXG\WKHDIIHFWLYHLPSDFWRI$+VDVZHOODVIDFWRUVFRQWULEXW






















UHODWHG QHWZRUNV FDQ EH LQYHVWLJDWHG IXQFWLRQDOO\ E\ QHXURLPDJLQJ WHFK
QLTXHV OLNH HOHFWURSK\VLRORJ\ DQG IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ
I05,DVZHOODVVWUXFWXUDOO\E\HJDVVHVVLQJWKHYROXPHRIFHUHEUDODUHDV
DVZHOODVWKHLUZKLWHPDWWHU:0LQWHUFRQQHFWLRQV
0HWKRGV %\ XVLQJ HOHFWURSK\VLRORJLFDO ((* DQG (3V DQG 05, WHFK
QLTXHVI05,V05,'7,ZHKDYHLQYHVWLJDWHGWKHVWUXFWXUHDQGIXQFWLRQ

























2EMHFWLYHV$XGLWRU\ KDOOXFLQDWLRQV LQ SDWLHQWVZLWK VFKL]RSKUHQLD JHQHU
DOOO\ FRQVLVW RI SHUFHSWV RI VSRNHQ VSHHFK7KH SDWKRSK\VLRORJ\ RI WKHVH
H[SHULHQFHV ZDV H[SORUHG XVLQJ IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ
I05, WR SRVLWLRQ ÄVXSSUHVVLYH³ KHUW] UHSHWLWLYH WUDQVFUDQLDO PDJQHWLF
VWLPXODWLRQ U706 RYHU PXOWLSOH EUDLQ LQYROYLQJ VSHHFK SURGXFWLRQ DQG
JHQHUDWLRQ
0HWKRGV6HYHQWHHQULJKWKDQGHGSDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDI
IHFWLYH GLVRUGHU DQG VHYHUH DXGLWRU\ KDOOXFLQDWLRQV ZHUH VWXGLHG )RU SD
WLHQWVZLWKIUHTXHQWLQWHUPLWWHQWKDOOXFLQDWLRQV1 %2/'VLJQDOPDSV
RIEUDLQ DFWLYDWLRQFRPSDULQJKDOOXFLQDWLRQDQGQRQKDOOXFLQDWLRQSHULRGV
ZHUH JHQHUDWHG )RU SDWLHQWVZLWK FRQWLQXRXV XQLQWHUUXSWHG DXGLWRU\ KDO
OXFLQDWLRQV1 PDSVRI%2/'VLJQDOFRUUHODWLRQVFDOFXODWHGUHODWLYHWR
:HUQLFNHµV UHJLRQVZHUH JHQHUDWHG7KH ODWWHU UHVHPEOHG DFWLYDWLRQPDSV
GHULYHG IURP LQWHUPLWWHQW KDOOXFLQDWRUV DQG GHOLQHDWHG D ³K\SHUFRXSOHG´
QHWZRUNOLQNLQJ%URFD¶VSUHIURQWDOSULPDU\DXGLWRU\DQGSRVWHULRUWHPSR




5HVXOWV &RUWLFDO VLWHV ZKLFK ZKHQ VWLPXODWHG SURGXFHG WKH JUHDWHVW
LPSURYHPHQW LQKDOOXFLQDWLRQVYDULHGZLGHO\DFURVVSDWLHQWV DQG LQFOXGHG
%URFDµVUHJLRQSUHIURQWDOFRUWH[DQGYDULRXVSRVWHULRUWHPSRUDOFRUWLFDOUH
JLRQV7KHRQO\VWLPXODWLRQVLWHSURGXFLQJVWDWLVWLFDOO\VLJQL¿FDQWLPSURYH




ZRUN LQYROYLQJ %URFDµV DQG:HUQLFNHµV FRUWH[ SULPDU\ DXGLWRU\ FRUWH[
SUHIURQWDO DQG VXEFRUWLFDO UHJLRQV ZKRVH DQDWRPLF ORFDWLRQV YDU\ DFURVV
























0HWKRGV:H H[DPLQHG WKLV SUHGLFWLYH SURFHVV E\PHDVXULQJ VHQVRU\ DW












2EMHFWLYHV ,QYHVWLJDWLRQ RI FRJQLWLYH DQG QHXUDOPHFKDQLVPV LQ LOOXVRU\
UHGXSOL¿FDWLRQVRIRQH¶VRZQERG\VXFKDVRXWRIERG\H[SHULHQFHV2%(
DQGDXWRVFRS\$6











SHUVSHFWLYH WKDW LVJHQHUDOO\ UHSRUWHGE\SHRSOHH[SHULHQFLQJVSRQWDQHRXV
2%(V ,QWHUIHUHQFH ZLWK WKH 73- E\ WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ DW
WKLVWLPHLPSDLUHGPHQWDOWUDQVIRUPDWLRQVRIWKHRZQERG\RIKHDOWK\YRO
XQWHHUVEXWQRWRIRWKHUREMHFWV)LQDOO\LQDQHSLOHSWLFSDWLHQWZLWK2%(V






































,Q WKH SDWLHQW JURXS QR VXFK GLIIHUHQFHV ZHUH IRXQG +RZHYHU WLPH WR
SHDNYHORFLW\RIKDQGPRYHPHQWZDVVKRUWHULQSDWLHQWVDQGFRUUHODWHGZLWK
PHDVXUHVRILPSXOVLYLW\
&RQFOXVLRQV :H VKRZHG WKDW SHUFHSWLYH DQG H[HFXWLYH FRPSRQHQWV RI







WLRQRI LQYROXQWDU\DQGYROXQWDU\EHKDYLRU IROORZLQJHPRWLRQDOVWLPXOL LQ












SRVVLELOLW\ZLWKEUDLQ LPDJLQJ WHFKQLTXHV DQGPROHFXODU ELRORJLFDOPHDV
XUHPHQWVWRIXUWKHUHOXFLGDWHWKHPRGXODWRU\SURSHUWLHVRIWKHVHURWRQHUJLF



























:H LQYHVWLJDWHG WKH UROH RI VXFK QHXURDFWLYH VWHURLGV LQ GHSUHVVLRQ DQG
DQ[LHW\GLVRUGHUV
0HWKRGV:HVWXGLHGSDWLHQWVZLWKPDMRUGHSUHVVLRQEHIRUHDQGDIWHUWUHDW
PHQW ZLWK SKDUPDFRORJLFDO DQG QRQSKDUPDFRORJLFDO WUHDWPHQWV VOHHS
GHSULYDWLRQ U706(&7 DQGTXDQWL¿HGQHXURDFWLYH VWHURLGV0RUHYHYHU




5HVXOWV 7KH FRQFHQWUDWLRQV RI DOSKD UHGXFHG *$%$ DJRQLVWLF VWHURLGV
ZHUH UHGXFHG LQGHSUHVVLRQDQGQRUPDOL]HGE\ WUHDWPHQWZLWKDQWLGHSUHV
VDQWV1RQSKDUPDFRORJLFDO WUHDWPHQWVGLGQRWDIIHFWQHXURDFWLYHVWHURLGV
,QWKHDEVHQFHRISDQLFDWWDFNV*$%$DJRQLVWLFQHXURDFWLYHVWHURLGVZHUH
LQFUHDVHG LQ SDQLF GLVRUGHU+RZHYHU WKHUHZDV D SURQRXQFHG GHFOLQH LQ
WKHVHVWHURLGVGXULQJH[SHULPHQWDOO\LQGXFHGSDQLFDWWDFNV
&RQFOXVLRQV2XUGDWDVXJJHVWWKDWQHXURDFWLYHVWHURLGVDUHLQYROYHGLQWKH
SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHUV DQG WKDW DQWLGHSUHV
VDQWVPD\ZRUN LQSDUW WKURXJKVWDELOL]LQJ WKHHTXLOLEULXPRIHQGRJHQRXV
*$%$HUJLFQHXURDFWLYHVWHURLGV
5HIHUHQFHV




6WU|KOH$ 5RPHR ( GL 0LFKHOH ) 3DVLQL$ +HUPDQQ % *DMHZVNL *
+ROVERHU ) 5XSSUHFKW 5  ,QGXFHG SDQLF DWWDFNV VKLIW *$%$$
UHFHSWRU PRGXODWRU\ VWHURLG FRPSRVLWLRQ LQ SDWLHQWV ZLWK SDQLF GLVRUGHU
SUHOLPLQDU\UHVXOWV$UFKLYHVRI*HQHUDO3V\FKLDWU\
5XSSUHFKW 5  1HXURDFWLYH VWHURLGV 0HFKDQLVPV RI DFWLRQ DQG








0DJQHWLFUHVRQDQFHVSHFWURVFRS\056 LVRQHRI WKH WHFKQLTXHV WKDWDUH
EHFRPLQJ LQFUHDVLQJO\ DYDLODEOH LQPRVW05,XQLWV DQG LWV DSSOLFDWLRQ WR
SV\FKLDWU\ LV UHFHLYLQJPRUH DWWHQWLRQ HVSHFLDOO\ZKHQ RSHUDWLQJ DW ¿HOG
VWUHQJWK DW RU DERYH  7HVOD 056 UHOLHV RQ WKH VDPH QXFOHDU PDJQHWLF
UHVRQDQFH SULQFLSOHV DV05, DQG IXQFWLRQDO05, EXW DOORZV WKH UHODWLYH











QRUPDOL]LQJ D UHGXFHG KLSSRFDPSDO F\WRVROLF FKROLQH VLJQDO LQ VHYHUHO\
GHSUHVVHGSDWLHQWVLQGLFDWLQJDQLQFUHDVHLQV\QDSWLFSODVWLFLW\)XUWKHUPRUH
WKHUHVXOWVRIRXUORQJWHUPIROORZXSVWXG\FRUURERUDWHRXURULJLQDO¿QGLQJ
WKDW (&7 KDV QR LQÀXHQFH RQ1$$ VLJQDOV ,Q DGGLWLRQ D ULVH RI UHODWLYH
FKROLQHFRQFHQWUDWLRQLQGXFHGE\(&6WUHDWPHQWLQUDWKLSSRFDPSXVPHDV














%UDXV') HW DO  ± )XQFWLRQLQJ DQG QHXURQDO YLDELOLW\ RI WKH DQWH
ULRUFLQJXODWHJ\UXVIROORZLQJDQWLSV\FKRWLFWUHDWPHQW05VSHFWURVFRS\LQ
FKURQLFVFKL]RSKUHQLD(XURS1HXURSV\FKRSKDUPDFRORJ\
(QGH*%UDXV') HW DO  3URWRQPDJQHWLF UHVRQDQFH VSHFWUR













,Q  -|EVLV ¿UVW GHVFULEHG WKH LQ YLYR DSSOLFDWLRQ RI QHDULQIUDUHG
VSHFWURVFRS\1,56DQGWKLVWHFKQLTXHZDVRULJLQDOO\GHVLJQHGIRUFOLQLFDO




FRPELQHG ZLWK D ZLUHOHVV WHOHPHWU\ V\VWHP WKH ZHDUDEOH 1,56 V\VWHP
DOORZVVXEMHFWVWRPRYHGXULQJPHDVXUHPHQWVOLNHZLWKSRUWDEOH(&*DQG




/DWHO\ 1,56 LV DQ LQFUHDVLQJO\ SRSXODU PHWKRG LQ SV\FKLDWU\ 6HY
HUDO UHVHDUFK JURXSV KDYH H[DPLQHG WDVNUHODWHG KHPRG\QDPLF FKDQJHV







$W WKHVDPH WLPH WKHDFFXUDF\DQG UHOLDELOLW\RI1,56KDYHQRW\HWEHHQ




























2EMHFWLYHV1,56 LV DQRQLQYDVLYHRSWLFDOPHWKRG IRU WKH DVVHVVPHQWRI













5HVXOWV ,Q KHDOWK\ HOGHUO\ VXEMHFWV 2+E FRQFHQWUDWLRQ VLJQL¿FDQWO\
LQFUHDVHGGXULQJWKHDFWLYHSKDVHFRPSDUHGWRWKHEDVHOLQHIRUERWKFRQGL
WLRQVZKLOH WKH2+EFRQFHQWUDWLRQZDVVLJQL¿FDQWO\KLJKHU LQ WKHDFWLYH
SKDVH IRU WKH OLQH RULHQWDWLRQ FRQGLWLRQ DV FRPSDUHG WR WKH FRORXU QDP
LQJ FRQGLWLRQ ELODWHUDOO\ SDULHWRRFFLSLWDO ,Q FRQWUDVW SDWLHQWV ZLWK $'
GLVSOD\HG D VLJQL¿FDQWO\ GLPLQLVKHG DFWLYDWLRQ OHVV SURQRXQFHG LQFUHDVH
RI2+E FRQFHQWUDWLRQ LQ WKH OLQH RULHQWDWLRQ DV FRPSDUHG WR WKH FRORXU
QDPLQJFRQGLWLRQ
&RQFOXVLRQV7KHUHVXOWVLQGLFDWHDG\VIXQFWLRQRIZLGHO\GLVWULEXWHGDUHDV



























SKUHQLD VXEW\SHV  3''V VKRZHG VLJQL¿FDQWO\ ORZHU R[\KHPRJORELQ
FKDQJHWKDQVLEOLQJVZLWK3''VDQGQRUPDOFRPSDULVRQVXEMHFWV+DUP






RI KLJK WHPSRUDO UHVROXWLRQ RI 1,56 FDQ DOVR SURYLGH QRYHO LQIRUPDWLRQ












PDO DFWLYDWLRQ RI WKH IURQWDO FRUWH[ KDYH EHHQ K\SRWKHVL]HG WR EH D FRUH
IHDWXUH RI VFKL]RSKUHQLD +RZHYHU IXQFWLRQDO QHXURLPDJLQJ VWXGLHV KDYH







0HWKRGV 6FKL]RSKUHQLF RXWSDWLHQWV DQG PDWFKHG FRQWURO VXEMHFWV SHU
IRUPHG D YLVXRVSDWLDO:0 WDVN WKDW UHTXLUHG WKHP WR UHPHPEHU D VHW RI







&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW VFKL]RSKUHQLDPD\ EH DVVRFLDWHG


















0HWKRGV 7ZHQW\¿YH SDWLHQWV ZLWK VFKL]RSKUHQLD HOHYHQ SDWLHQWV ZLWK
XQLSRODU GHSUHVVLRQ VHYHQWHHQSDWLHQWVZLWK ELSRODU GHSUHVVLRQ DQG WKHLU
DJHDQGVH[PDWFKHGKHDOWK\VXEMHFWVSDUWLFLSDWHGLQWKHVWXG\DIWHUJLYLQJ
WKHLUZULWWHQLQIRUPHGFRQVHQWV&KDQJHVRIR[\KHPRJORELQFRQFHQWUDWLRQ
>R[\+E@ ZHUHPRQLWRUHG HYHU\ V GXULQJ D ZRUG ÀXHQF\ WDVN DQG D








JURXSE\ VPDOOHU >R[\+E@ LQFUHDVH DQG WKH ELSRODU GHSUHVVLRQJURXSE\
FRPSDUDEOHEXWGHOD\HG>R[\+E@LQFUHDVH










































DPDMRU GHSUHVVLRQ FRPSDULVRQ JURXS DQG VXEMHFWV ZLWK %3' ,QFUHDVHG






IXOO\ GLDJQRVHGZRPHQZLWKPDMRU GHSUHVVLRQ DQGQRUPDO FRQWUROV(DFK
VXEMHFWXQGHUJRHVDWOHDVWRQH3(7VWXG\DQGRQHKLJKUHVROXWLRQVWUXFWXUDO





DQG 6WDWLVWLFDO 3DUDPHWULF 0DSSLQJ DUH FRPSOHWHG ZLWK WKH 3(7 GDWD
'HSUHVVLYHDQGDQ[LHW\V\PSWRPVDUHUDWHGZLWKWKH%',WKH67$,WKH
LWHP+$0'DQGWKH+$0$7KH3RVLWLYHDQG1HJDWLYH$IIHFWLYLW\6FDOH








&RQFOXVLRQV 6XEMHFWV ZLWK %3' DSSHDU WR KDYH PRUH DFWLYDWLRQ RI WKH
PXRSLRLGV\VWHPWKDQHLWKHUGHSUHVVLYHVRUQRUPDOFRQWUROV%3'VXEMHFWV
DSSHDUWRDFWLYDWHWKHPXRSLRLGV\VWHPHYHQLQUHVSRQVHWRQHXWUDOVWLPXOL




+$IIHFWLYH LQVWDELOLW\DQG LPSXOVLYLW\ LQSHUVRQDOLW\GLVRUGHU5H
VXOWVRIDQH[SHULPHQWDOVWXG\-$IIHFW'LVRUG


























5HVXOWV'XULQJPHPRULHV RI WUDXPDZRPHQZLWK%3' IDLOHG WR DFWLYDWH
DQWHULRU FLQJXODWH J\UXV DV ZHOO DV RUELWRIURQWDO FRUWH[ $EDQGRQPHQW
PHPRULHVZHUHDVVRFLDWHGZLWKJUHDWHUGHFUHDVHVLQULJKWDQWHULRUFLQJXODWH
LQZRPHQZLWK%3'WKDQLQZRPHQZLWKRXW%3'









2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV FKDUDFWHUL]HG E\
UHGXFHG SDLQ VHQVLWLYLW\ DQG KLJK OHYHOV RI VWUHVV ,Q SDWLHQWV ZLWK %3'
VWUHVVLQGXFHGVWDWHVRIUHGXFHGSDLQSHUFHSWLRQDQGGLVVRFLDWLRQDUHRIWHQ
UHOLHYHGE\VHOILQMXULRXVEHKDYLRU





5HVXOWV &RPSDUHG WR FRQWUROV SDWLHQWV KDG KLJKHU SDLQ WKUHVKROGV DQG
VKRZHG OHVV EUDLQ DFWLYDWLRQZKHQ VWLPXODWHGZLWK WKH ¿[HG WHPSHUDWXUH














2EMHFWLYHV&KURQLF FKLOGKRRG DEXVH LV DVVRFLDWHGZLWK D SHUVLVWHQW KLJK
ULVN IRU SV\FKLDWULF GLVRUGHUV VXFK DVPDMRU GHSUHVVLYHGLVRUGHU SRVWWUDX
PDWLFVWUHVVGLVRUGHUVXEVWDQFHDEXVHDQGVHOIGHVWUXFWLYHEHKDYLRU$EXVH
FDQOHGWRLQFUHDVHGVXVFHSWLELOLW\WRLPPXQHPHWDEROLFDQGFDUGLRYDVFXODU







DGUHQDO +3$ D[LV DQG FHQWUDO VHURWRQHUJLF V\VWHPV7KH SUHFOLQLFDO DQG
FOLQLFDO¿QGLQJV IURPHDUO\ WUDXPDWLFVWUHVVVWXGLHVZLOOEHV\QWKHVL]HG WR
DQLQWHJUDWHGPRGHO




UHODWHG SV\FKLDWULF DQG VRPDWLF GLVRUGHUV0RUHRYHU 665, WUHDWPHQW QRU
PDOL]HV+3$D[LVK\SHUUHVSRQVLYLW\LQWKRVH%3'SDWLHQWVZKRKDYHEHHQ
H[SRVHGWRVXVWDLQHGDEXVHGXULQJFKLOGKRRG





FOLQLFDO SUDFWLFH DQG UHVHDUFK0RUHRYHU FKURQLF 665, WUHDWPHQWPD\ EH























HPLVVLRQFRPSXWHG WRPRJUDSK\ 63(&7\HDUVDIWHURQVHWRI$1DW D
PHDQDJHRI\HDUV)RUFRPSDULVRQZHUHFUXLWHGD\RXQJHUJURXSZLWKRXW





































0HWKRGV:H DVVHVVHG UHVWLQJ U&%) XVLQJ VLQJOHSKRWRQ HPLVVLRQ FRP
SXWHGWRPRJUDSK\ZLWKWHFKQHWLXPPKH[DPHWK\OSURS\OHQHDPLQHR[LPH




DQWHULRU OREHV LQFOXGLQJ WKHDQWHULRUFLQJXODWHFRUWH[ $&&DQG ULJKWSD
ULHWDO LQVXODDQGRFFLSLWDO OREH$IWHUZHLJKWJDLQWKH\VKRZHGVLJQL¿FDQW
LQFUHDVHVLQWKHULJKWSDULHWDO OREHDQGGHFUHDVHVLQEDVDOJDQJOLDDQGFHU




LQ WKH RFFLSLWDO OREH LQ WKH SDWLHQWV$PRQJ WKH VXEWHVWV RI WKH:HFKVOHU
0HPRU\6FDOH5HYLVHGWKHSDWLHQWVVKRZHGVLJQL¿FDQWO\LPSDLUHGIXQFWLRQ







'HYLQVN\ 2  5LJKW FHUHEUDO KHPLVSKHUH GRPLQDQFH IRU D VHQVH RI
FRUSRUHDODQGHPRWLRQDOVHOI(SLOHSV\	%HKDYLRU
8KHU 5 HW DO  5HFRYHU\ DQG FKURQLFLW\ LQ DQRUH[LD QHUYRVD EUDLQ
DFWLYLW\DVVRFLDWHGZLWKGLIIHUHQWLDORXWFRPHV%LRO3V\FKLDWU\
































0HGLDOSUHIURQWDO FRUWH[DFWLYLW\ DVVRFLDWHGZLWK V\PSWRPSURYRFDWLRQ LQ
HDWLQJGLVRUGHUV$P-3V\FKLDWU\
8KHU5%UDPPHU0-0XUSK\7&DPSEHOO,&1J9::LOOLDPV6&HW








2EMHFWLYHV  7R LQYHVWLJDWH WKH VHURWRQLQ$ +7$ ELQGLQJ LQGH[
LQ$QRUH[LD1HUYRVD $1DQG%XOLPLD1HUYRVD %1SDWLHQWVDQG  WR












IHDWXUHV ZDV VLJQL¿FDQWO\ UHGXFHG LQ WKH OHIW DQG ULJKW SDULHWDO FRUWH[ LQ




&RQFOXVLRQV 6HURWRQLQ$ ELQGLQJ LQGH[ LV GLIIHUHQW EHWZHHQ $1 DQG
%1SDWLHQWV DV FRPSDUHG WR KHDOWK\ YROXQWHHUV ,QWHUHVWLQJO\ WKH +7$












$1 ZKHQ LOO DQG DIWHU UHFRYHU\ KDYH DOWHUDWLRQV RI VHURWRQLQ +7
QHXURQDODFWLYLW\DQGDQ[LRXVV\PSWRPV7RIXUWKHUFKDUDFWHUL]HWKH+7
V\VWHP LQ $1 ZH LQYHVWLJDWHG +7$ UHFHSWRU ELQGLQJ XVLQJ SRVLWURQ





5(& %$1PHDQ DJH  \HDUV ! \HDU QRUPDO ZHLJKW UHJXODU








5HVXOWV $IWHU FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV 5(& %$1 KDG VLJ
QL¿FDQWO\ S  LQFUHDVHG >FDUERQ\O&@:$<%3 LQFLQJXODWH
ODWHUDODQGPHVLDOWHPSRUDO ODWHUDODQGPHGLDORUELWDOIURQWDOSDULHWDODQG




&RQFOXVLRQV:H REVHUYHG LQFUHDVHG +7$ UHFHSWRU ELQGLQJ LQZRPHQ
ZKR KDG UHFRYHUHG IURP%$1 EXW QRW5$1+RZHYHU +7$ UHFHSWRU
ELQGLQJ ZDV DVVRFLDWHG ZLWK D PHDVXUH RI DQ[LHW\ LQ 5(& 5$1 7KHVH
GDWDDGG WRDJURZLQJERG\RIHYLGHQFHVKRZLQJ WKDWDOWHUHGVHURWRQHUJLF
IXQFWLRQ DQG DQ[LHW\ V\PSWRPV SHUVLVW DIWHU UHFRYHU\ IURP$1 )UDQN HW
DO %DLOHU HW DO 7KHVH SV\FKRELRORJLFDO DOWHUDWLRQVPD\ EH
WUDLWUHODWHGDQGPD\FRQWULEXWHWRWKHSDWKRJHQHVLVRI$1
5HIHUHQFHV
)UDQN *. HW DO 5HGXFHG +7$ UHFHSWRU ELQGLQJ DIWHU UHFRYHU\ IURP
DQRUH[LDQHUYRVD%LRO3V\FKLDWU\











OLIHWKUHDWHQLQJ RU KRUULI\LQJ HYHQWV %DVLF VFLHQFH VWXGLHV XVLQJ DQLPDO
PRGHOV RI 376' HJ LQGXFWLRQ RI SV\FKRORJLFDO UHSOD\ RI IHDUPHPRU\
LQ UHVSRQVH WR D WRQH SUHYLRXVO\ SDLUHG ZLWK VKRFN KDYH GHPRQVWUDWHG
WKDW H[SUHVVLRQ RI IHDUPHPRU\ LV DVVRFLDWHGZLWK ORQJWHUP SRWHQWLDWLRQ
/73LQV\QDSWLFVWUHQJWKDWDP\JGDODUV\QDSVHV5RJDQHWDODQG
ORQJWHUPGHSUHVVLRQ /7' DWPHGLDO SUHIURQWDO FRUWH[ P3)& V\QDSVHV
+HUU\DQG*DUFLD7UHDWPHQWV VXSSUHVVLQJ WKHSDWKRORJLFDO UHSOD\
RI WUDXPDWLF PHPRU\ QRUPDOO\ FRQYHUW DP\JGDODU /73 WR GHSRWHQWLDWLRQ
5RJDQHW DO +RZHYHU SUHIURQWDO/7'FDQHLWKHU UHVLVW WUHDWPHQW
RU EH FRQYHUWHG WR /73 WKH DEVHQFH RI FRQYHUVLRQ VLJQDOOLQJ D KLJK ULVN
RI UHODSVH +HUU\ DQG *DUFLD  ,Q RWKHU ZRUGV VWUHVV FDQ LQGXFH
PHWDSODVWLFFKDQJHVLQWKHP3)&WKDWEORFNGHYHORSPHQWRISUHIURQWDO/73
DQG FRQVHTXHQWO\ IDFLOLWDWH WKHSDWKRORJLFDO UHSOD\RI WUDXPDWLFPHPRU\
7RIXUWKHUDGGUHVVWKLVLVVXHZHDQDO\]HGZKHWKHULQKLELWLRQRISUHIURQWDO
PLWRJHQDFWLYDWHG SURWHLQ NLQDVH 0$3. D NH\ FRPSRQHQW RI/73 DOVR
UHVXOWVLQKLJKULVNRIUHODSVH
0HWKRGV 5DWV ZHUH ELODWHUDOO\ LPSODQWHGZLWK  JDXJH JXLGH FDQQXODH
DLPHGPPDERYH WKHP3)&LQIUDOLPELFDUHD IRU LQIXVLRQRI3'




5HVXOWV :H IRXQG WKDW SUHIURQWDO /73 GHYHORSHG DOZD\V ZLWKLQ WKH 
PLQXWHVWKDWIROORZHGWKHHQGRIWKHH[WLQFWLRQVHVVLRQ,QKLELWLRQRI0$3.
(5. ZLWKLQ WKH VDPH SRVWH[WLQFWLRQ WLPH ZLQGRZ EXW QRW  K ODWHU
PLPLFNHGVWUHVVUHODWHGPHWDSODVWLFFKDQJHVLQWKHP3)&DQGSURYRNHGIXOO
UHFRYHU\RIIHDUUHVSRQVHVGXULQJIROORZXSWHVWV
&RQFOXVLRQV 7KHVH GDWD VXJJHVW WKDW ORQJWHUP H[WLQFWLRQ RI WKH SDWKR





ORQJWHUPGHSUHVVLRQ LV DVVRFLDWHGZLWK WKHPDLQWHQDQFH RI H[WLQFWLRQ RI
OHDUQHGIHDULQPLFH-1HXURVFL








QHXURSV\FKLDWULF GLVRUGHUV LQFOXGLQJ GHSUHVVLRQ DQG VFKL]RSKUHQLD 1HX
URLPDJLQJVWXGLHVKDYHLGHQWL¿HGLQGHSUHVVLYHDQGVFKL]RSKUHQLFSDWLHQWV
IXQFWLRQDO DQG VWUXFWXUDO DEQRUPDOLWLHV LQPXOWLSOH DUHDV RI WKH SUHIURQWDO
FRUWH[ LQ WKH KLSSRFDPSXV DQG WKH DP\JGDOD ,Q DQLPDOV HDFK RI WKHVH
EUDLQUHJLRQVLVNQRZQWREHLQÀXHQFHGE\VWUHVVEXWRQO\WKHKLSSRFDPSXV
KDVEHHQH[WHQVLYHO\VWXGLHGZLWKUHJDUGWRWKHDFWLRQRIVWUHVV:HUHFHQWO\
LQYHVWLJDWHG WKH HIIHFWV RI VWUHVV RQ V\QDSWLF SODVWLFLW\ LQ WKH SUH]IURQWDO
FRUWH[QDPHO\WKHSUHOLPELFDUHDRUWKHDSSDUHQWKRPRORJXHRIWKHSULPDWH
VXEJHQXDO SUHIURQWDO FRUWH[ LQ KXPDQV ZKHUH PRVW RI WKH KLSSRFDPSDO
WHUPLQDO¿HOGVDUHORFDOL]HG
0HWKRGV6WUHVVZDVHYRNHGE\SODFLQJUDWVRQDQHOHYDWHGSODWIRUPGXULQJ
PLQ7KHQ WKH DQLPDOVZHUH DQDHVWKHWL]HG LPPHGLDWHO\ DQG UHFRUGLQJ




















&RQFOXVLRQV ([SRVXUH WR DQ DFXWH VWUHVV FDXVHV D UHPDUNDEOH DQG ORQJ
















RJ\ DQG SUHFLVH ELRORJLFDO PHFKDQLVPV WKDW XQGHUOLH GHSUHVVLYH GLVHDVHV
DUH VWLOO SRRUO\ XQGHUVWRRG 7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW SV\FKLDWULF
GLVRUGHUVQRWRQO\KDYHDQHXURFKHPLFDOEDVLVEXWDUHDOVRDVVRFLDWHGZLWK
PRUSKRORJLFDO DOWHUDWLRQV LQ FHQWUDO QHUYRXV QHXURQDO DQGRU JOLDO FHOOV
6WUXFWXUDOQHXURLPDJLQJDQGSRVWPRUWHPKLVWRSDWKRORJLFDO VWXGLHVRI WKH








DGGUHVVHG ZKHWKHU DQWLGHSUHVVDQW WUHDWPHQW FDQ UHYHUVH WKH VWUHVVUHODWHG
VWUXFWXUDOFKDQJHV
5HVXOWV 8VLQJ WKLV DQLPDOPRGHO RI GHSUHVVLRQ VRPH RI WKH ODUJHVFDOH
DQDWRPLFDO FKDQJHV ZHUH DOVR REVHUYHG LQ WKH WUHH VKUHZ EUDLQ$IWHU 
PRQWKRIVWUHVVZHREVHUYHGDVXEVWDQWLDOGHFUHDVHRIGHQWDWHF\WRJHQHVLV
DQGDPLQRU UHGXFWLRQRIKLSSRFDPSDOYROXPH(YHQ WKRXJK ORQJODVWLQJ


























FHOOV PDUNHUV HVSHFLDOO\ ROLJRGHQGURJOLD 7KHVH ¿QGLQJV UHVHPEOH WKH
QHXURSODVWLFFKDQJHVSURGXFHGLQKRPRORJRXVVWUXFWXUHVRIURGHQWVGXULQJ
UHSHDWHG VWUHVV YLD D SURFHVV GHSHQGHQW RQ LQWHUDFWLRQV EHWZHHQ JOXFR
FRUWLFRLG VHFUHWLRQ DQG10'$ UHFHSWRU VWLPXODWLRQ7KH0''VXEW\SHV





0HWKRGV 5HJLRQDO JOXFRVH PHWDEROLVP PHDVXUHG XVLQJ 3(7 DQG >)
@)'*ZDVFRPSDUHGEHWZHHQ0''DQGKHDOWK\FRQWUROVDPSOHVEHWZHHQ
XQPHGLFDWHGGHSUHVVHGDQGXQPHGLFDWHGUHPLWWHGSKDVHVRI0''DQGEH
WZHHQ XQPHGLFDWHGGHSUHVVHG DQG DQWLGHSUHVVDQWPHGLFDWHG GHVLSUDPLQH
RU665,SKDVHVRI0''5HJLRQDOJUH\PDWWHUYROXPHVZHUHDVVHVVHGLQ
WKHVDPHVDPSOHVXVLQJ05,
5HVXOWV 0HWDEROLVP ZDV HOHYDWHG LQ GHSUHVVHG VXEMHFWV UHODWLYH ERWK WR
FRQWUROVDQGWRWKHPVHOYHVGXULQJWKHUHPLWWHGDQGWUHDWHGVWDWHVLQUHJLRQV
ZKHUHJUH\PDWWHUORVVH[LVWLQ0''
&RQFOXVLRQV7KHVH GDWD VXSSRUW RWKHU HYLGHQFH WKDW JOXWDPDWHUJLF WUDQV
PLVVLRQ LV HOHYDWHG LQ OLPELFFRUWLFDO FLUFXLWV GXULQJ GHSUHVVLRQ 7KH FR
RFFXUUHQFHRI WKLV¿QGLQJ DQG FRULVRO K\SHUVHFUHWLRQ LQ WKHVH GHSUHVVLYHV
VXJJHVWV WKDW WKHJUH\PDWWHUYROXPHWULF UHGXFWLRQVPD\SDUWO\ UHÀHFW WKH
GHQGULWLFDWURSK\LQGXFHGE\UHSHDWHGVWUHVVLQURGHQWV0HWDEROLVPUHWXUQHG
WRQRUPDWLYHOHYHOVGXULQJFKURQLFDQWLGHSUHVVDQWGUXJWUHDWPHQWFRPSDW














1HXURSV\FKRORJLFDO HQGRSKHQRW\SHV UHSUHVHQW VLPSOHU SKHQRW\SHV WKDQ
SV\FKLDWULF GLDJQRVHV ZKLFK FDQ UHVXOW LQPRUH VWUDLJKWIRUZDUG DQG VXF
FHVVIXO JHQH GLVFRYHU\7KHVH FRPSULVH DPRQJ RWKHUVZRUNLQJPHPRU\
DWWHQWLRQYLJLODQFH YHUEDO OHDUQLQJ DQG PHPRU\ YLVXDO OHDUQLQJ DQG


























5HVXOWV7KHUH LV YHU\ OLWWOH DJUHHPHQWEHWZHHQ WKH WZRPHWDDQDO\VHVRI
OLQNDJHHYHQWKRXJKWKH\LQFOXGHPDQ\RIWKHVDPHVWXGLHV7KHWZRODUJHVW
OLQNDJHVWXGLHVGRQRWDJUHHRQDVLQJOHORFXVDQGQHLWKHUVXSSRUWVOLQNDJH
WR WKHÄFDQGLGDWH³JHQHVFXUUHQWO\SURPRWHGRQ WKHEDVLVRIRWKHU OLQNDJH








XQXVXDOVLWXDWLRQZLWKUHVSHFW WR LWVHSLJHQHWLFFRQWURO$WWHPSWV WRDVVHVV















*LRX]HOL 0 :LOOLDPV 1$ /RQLH / HW DO  3URWRFDGKHULQ;< D








$Q XQH[SHFWHGO\ KLJK SHUFHQWDJH RI PRQR]\JRWLF WZLQ SDLUV LV GLVFRUG
DQW IRU KDQGHGQHVV 6RPH RI WKHVH WZLQV VKRZPLUURULPDJLQJ RI VHYHUDO
HFWRGHUPDOO\ GHULYHG IHDWXUHV VXFK DV WHHWK DQG KDLU ZKRUOV 7KHVH IHD








WR WHVW LQWUDSDLU UHVHPEODQFH IRU ODQJXDJH ODWHUDOL]DWLRQ 7KH LQWUDSDLU
FRUUHODWLRQ IRU ODQJXDJH ODWHUDOL]DWLRQ ZDV VLJQL¿FDQW LQ WKH KDQGHGQHVV
FRQFRUGDQWJURXSEXWQRWLQWKHKDQGHGQHVVGLVFRUGDQWJURXS,QWKHKDQG





ODWHUDOL]DWLRQ+RZHYHU LQPRQR]\JRWLF WZLQ SDLUV RI GLVFRUGDQW KDQGHG
QHVV GLVFRUGDQFH IRU ODQJXDJH GRPLQDQFH RFFXUV LQ D VLJQL¿FDQW QXPEHU

















RI LOOQHVV2XUK\SRWKHVLV LV WKDW WKLVDQRPDO\ LVD WUDLWPDUNHURIVFKL]R







LQVWUXFWHG WR OLVWHQ WRVWRULHV LQ)UHQFKDQG7DPLODOWHUQDWHG+HPLVSKHULF
VSHFLDOL]DWLRQZDVGHWHUPLQHGLQHDFKVXEMHFWXVLQJIXQFWLRQDODV\PPHWU\
LQGLFHV )$,V ULJKW PLQXV OHIW %2/' VLJQDO YDULDWLRQV LQ D UHJLRQ RI








5HVXOWV7KHUHZDVDVLJQL¿FDQWPDLQ*URXSHIIHFWGXH WR ORZHU OHIWZDUG





&RQFOXVLRQV 7KHVH UHVXOWV GHPRQVWUDWH WKDW WKH DW\SLFDO KHPLVSKHULF
VSHFLDOL]DWLRQIRUODQJXDJHZHREVHUYHGFDQEHFRQVLGHUHGDVDWUDLWPDUNHU
RI WKH LOOQHVV$VDPDWWHURI IDFW LWZDV VWDEOHZLWK WKHFRXUVHRI LOOQHVV
LQGHSHQGHQW RI FRJQLWLYH SHUIRUPDQFHV DQG RI WKH VHYHULW\ RI SV\FKRWLF
V\PSWRPV
5HIHUHQFHV























5HVXOWV 1HXURLPDJLQJ VWXGLHV KDYH UHSRUWHG DEQRUPDO KLSSRFDPSDO
VWUXFWXUH DQG LQHI¿FLHQW SUHIURQWDO DFWLYLW\ LQ VFKL]RSKUHQLF SDWLHQWV DQG
WKHLUQRQVFKL]RSKUHQLFUHODWLYHV(YLGHQFHIRUDVPDOOUROHRIWKHFDWHFKRO
2PHWK\OWUDQVIHUDVHJHQHORFDWHGRQFKURPRVRPHTZLOOEHGLVFXVVHGLQ
UHODWLRQ WR VFKL]RSKUHQLD DQG ZRUNLQJ PHPRU\ G\VIXQFWLRQ 7KH UROH RI
JHQHWLFYDULDWLRQVRIWKH352'+JHQHLQVFKL]RSKUHQLDDQGVFKL]RDIIHFWLYH
































7KH UROH RI UHSURGXFWLYHPLOHVWRQHV LQ WKH FRXUVH RI ELSRODU GLVRUGHUV LQ
ZRPHQLVDV\HWSRRUO\XQGHUVWRRGEXWLVRIPDMRUVLJQL¿FDQFHLQPDQDJH
PHQW DQG WUHDWPHQW RI WKLV SRSXODWLRQ$V ZHOO WKH FOLQLFDO SUHVHQWDWLRQ
PD\ ÀXFWXDWH GXULQJ WKH GLIIHUHQW SKDVHV RI WKH PHQVWUXDO F\FOH GXULQJ
WKHGLIIHUHQWVWDJHVRISUHJQDQF\SRVWSDUWXPDQGGXULQJWKHWUDQVLWLRQLQWR
PHQRSDXVHDQGEH\RQG
2IPDMRUFRQFHUQDUH WUHDWPHQWRSWLRQV IRUSUHJQDQWDQG ODFWDWLQJELSRODU
ZRPHQ 8S WR GDWH DYDLODEOH VWUDWHJLHV DQG UHFRPPHQGDWLRQV IRU WUHDW
PHQWRIELSRODUZRPHQGXULQJSUHJQDQF\DQGZKLOHEUHDVWIHHGLQJZLOOEH
SUHVHQWHG'HVSLWHWKHIDFWWKDWLPSRUWDQWULVNEHQH¿WDVVHVVPHQWJXLGHOLQHV
KDYH EHHQ SURSRVHG IRU WKHVH FRQGLWLRQV ORQJLWXGLQDO SURVSHFWLYH FRKRUW
















2EMHFWLYHVRXUREMHFWLYHZDV WRH[DPLQHJHQHH[SUHVVLRQSDWWHUQV LQ WKH











VRPLWH QXPEHUV DSSURDFKHG FRQWURO OHYHOV $QDO\VLV RI JHQH H[SUHVVLRQ
GDWD UHYHDOHGDJOREDOVXSSUHVVLRQRIJHQHH[SUHVVLRQ WKDWFRLQFLGHGZLWK








REVHUYHG JHQH H[SUHVVLRQ FDVFDGHV FRLQFLGH ZLWK 93$LQGXFHG GHYHORS
PHQWDOFKDQJHVDQGWKHVHFDVFDGHVDSSHDUWRLQÀXHQFH93$LQGXFHGWHUD
WRJHQLFLW\ LQ WKHDQWHULRUQHXUDO WXEH6SHFL¿F WUDQVFULSWLRQIDFWRUELQGLQJ












2EMHFWLYHV 7KH DQWLHSLOHSWLF GUXJ YDOSURLF DFLG YDOSURDWH 93$ LV
LQFUHDVLQJO\XVHGIRU WKH WUHDWPHQWRIELSRODUGLVRUGHUVPLJUDLQHSURSK\
OD[LVVFKL]RSKUHQLDDQGDQWLFDQFHUWKHUDS\VXFKDVWUHDWPHQWRIJOLRPDVLQ
FKLOGUHQ:HKDYH V\QWKHVL]HG D QXPEHU RI DQDORJXHV VWUXFWXUDOO\ UHODWHG








IHWDOZHLJKW DQG H[WHUQDOPDOIRUPDWLRQVZHUH UHFRUGHG HVSHFLDOO\ QHXUDO
WXEHGHIHFWVPRVWO\H[HQFHSKDO\LQWKHPRXVH
5HVXOWV$ YHU\ VWULFW VWUXFWXUDO VSHFL¿FLW\ ZDV IRXQG 0RVW FRPSRXQGV
V\QWKHVL]HGGLGQRWHOLFLWDWHUDWRJHQLFUHVSRQVH,QRUGHUWREHWHUDWRJHQLF
QHXUDOWXEHGHIHFWLQGXFWLRQDFRPSRXQGPXVWSRVVHVDIUHHFDUER[\O







&RQFOXVLRQV 7KH KLJK VWUXFWXUDO VHOHFWLYLW\ RI WKH WHUDWRJHQLF UHVSRQVH














2EMHFWLYHV 7KH DQWLFRQYXOVDQW PRRG VWDELOL]HU YDOSURDWH 93$ D





VXFK DV OLWKLXPDQG FDUEDPD]HSLQH DUH DOVR WHUDWRJHQLFGXULQJSUHJQDQF\




DWLF 6HYHUDO JHQHV DQGPROHFXODU WDUJHWV KDYH EHHQ DVVRFLDWHGZLWK93$
WHUDWRJHQLFHIIHFWLHDOWHUHGH[SUHVVLRQRIVSHFL¿F+R[JHQHVDFWLYDWLRQ
RI SHUR[LVRPH SUROLIHUDWRUVDFWLYDWHG UHFHSWRU į DQG LQKLELWLRQ RI KLVWRQH
GHDFHW\ODVH DFWLYLW\ +RZHYHU WKH PROHFXODU EDVLV RI PRRGVWDELOL]DWLRQ
E\93$LV\HWXQNQRZQQRULVWKHPHFKDQLVPRILWVWHUDWRJHQLFLW\6HDUFK
LQJIRU93$GHULYDWLYHVRUDQDORJVZLWKOHVVWHUDWRJHQLFSRWHQWLDOEXWZLWK
LQWUDFHOOXODU DFWLYLW\ VLPLODU WR WKDW RI 93$¶V SXWDWLYH WKHUDSHXWLF HIIHFWV
KDVEHFRPHDQ DSSURDFK IRU WKH VHDUFK IRU VDIHU WUHDWPHQW IRUSRWHQWLDOO\
FKLOGEHDULQJPDQLFGHSUHVVLYHZRPHQ
:H KDYH UHFHQWO\ VKRZQ WKDW 93$ OLNH OLWKLXP GHFUHDVHV LQWUDFHOOXODU
FRQFHQWUDWLRQV RI LQRVLWRO LQ WKH EUDLQ DOEHLW YLD WZR GLIIHUHQWPROHFXODU
WDUJHWV:KLOH OLWKLXPLQKLELWV WKHNH\HQ]\PHRI LQRVLWRO UHF\FOLQJ LQ WKH
SKRVSKDWLG\OLQRVLWRO VLJQDOLQJ SDWKZD\ LQRVLWRO PRQRSKRVSKDWDVH 93$








DPRRGVWDELOL]HU DW WKH ELRFKHPLFDO OHYHO ZH FKDUDFWHUL]HG LWV HIIHFW LQ
FRQFHQWUDWLRQV SDUDOOHO WR WKH WKHUDSHXWLF FRQFHQWUDWLRQV RI93$ RQ0,3
V\QWKDVHDFWLYLW\LQFUXGHKXPDQEUDLQKRPRJHQDWH
0HWKRGV7KH VWXG\ZDVDSSURYHGE\ WKH ,VUDHOL0LQLVWU\RI+HDOWK+HO































WULJLQH 3UHJQDQF\ 5HJLVWU\ DQG UHFHQW GDWD IURP WKH 8. (SLOHSV\ DQG
3UHJQDQF\5HJLVWHU
0HWKRGV 6LQFH  WKHPDQXIDFWXUHU RI ODPRWULJLQH KDV VSRQVRUHG DQ
LQGHSHQGHQWO\PDQDJHG LQWHUQDWLRQDOREVHUYDWLRQDO UHJLVWU\ZKLFK WRGDWH
KDV JDWKHU RXWFRPHV IURP RYHU  SURVSHFWLYHO\ LGHQWL¿HG SUHJQDQFLHV
SULPDU\IURPHSLOHSV\SDWLHQWV
5HVXOWV &XUUHQW GDWD IURP WKLV UHJLVWU\ LQGLFDWH DQ REVHUYHG IUHTXHQF\
RI ELUWK GHIHFWV LQ SDWLHQWV ZLWK ¿UVW WULPHVWHU H[SRVXUH WR ODPRWULJLQH
PRQRWKHUDS\ RI   &,  FRPSDUHG ZLWK D EDFNJURXQG
UDWHHVWLPDWHGDW,QYHUHVN5HVHDUFK7KHUDWHRIELUWKGHIHFWV
DPRQJ SDWLHQWV H[SRVHG ODPRWULJLQH DQG YDOSURDWH FRWKHUDS\ GXULQJ WKH
¿UVWWULPHVWHULVFXUUHQWO\&,FRPSDUHGZLWKDUDWH
RI&,IRUSDWLHQWVRQODPRWULJLQHSRO\WKHUDS\WKDWGLG






&RQFOXVLRQV 3UHOLPLQDU\ GDWD VXJJHVW WKDW WKH UDWHV RI WHUDWRJHQLFLW\
VHFRQGDU\ WR ODPRWULJLQH H[SRVXUH GXULQJ WKH¿UVW WULPHVWHU RI SUHJQDQF\
DSSHDUWREHVLPLODUWREDFNJURXQGUDWHVLQWKHHSLOHSV\SRSXODWLRQ
7KHUHH[LVWVDQHHGIRUREVHUYDWLRQDOVWXGLHVRISUHJQDQF\RXWFRPH


















WLRQ V\VWHPV RI UHVHDUFK SDUWLFLSDQWV LQ WHUP RI UHJXODWLRQV OHJDO IUDPH
















ZLOO DOVR EH PDGH ZLWK H[LVWLQJ 8. SROLFLHV DQG GLVSRVLWLRQV JRYHUQLQJ
UHVHDUFKZLWKKXPDQV0DVFKNH




ELRPHGLFDO UHVHDUFK7KH,5%LVXVXDOO\SDUWRI WKH LQVWLWXWLRQFRQGXFWLQJ





RI UHVHDUFK SDUWLFLSDQWV EHWZHHQ FRXQWULHV ZKLFK FRQGXFW D VXEVWDQWLDO












'LUHFWLYH (& RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI


















0HWKRGV 6RPH LQYHVWLJDWRUV XVH VSHFL¿F SURFHGXUHV WR DOOHYLDWH HWKLFDO





5HVXOWV$ VWXG\ RI  GUXJXVLQJ LQSDWLHQW UHVHDUFK VXEMHFWV IRXQG WKDW
PRVW SUHIHUUHG FDVK WR LQNLQG SD\PHQWV ZLWK LQGLYLGXDO YDULDELOLW\ LQ
VSHQGLQJRI LQNLQGUHPXQHUDWLRQ.XUODQGHUHWDO0RVWVSHQGLQJ
ZDV LQ DSSURSULDWH FDWHJRULHV HJ KRXVLQJ SHUVRQDO LWHPV ,Q D VHSDUDWH
VWXG\SRVWVWXG\IROORZXSPHDQRIZHHNVRIFRFDLQHXVLQJVXEMHFWV
JLYHQ  FRFDLQH FKDOOHQJHV PJ LQWUDQDVDO RQ D UHVHDUFK ZDUG
IRXQGDPHDQGHFUHDVHFRPSDUHGWRWKHPRQWKEHIRUHVWXG\HQWU\LQ
GD\VZLWKFRFDLQHXVH7KHUHZDVQRLQFUHDVHLQRWKHUVXEVWDQFHXVH





















WLRQ DQG SURFHVVHV WRJHWKHU ZLWK GHYHORSLQJ LPDJLQJ WHFKQRORJ\ ZLOO
LQFUHDVLQJO\SHUPLW EHKDYLRXUV SHUVRQDOLW\ WUDLWV DQGRWKHUPHQWDO HYHQWV
WR EH LGHQWL¿HG DQG PRQLWRUHG (PSOR\PHQW HGXFDWLRQ LQVXUDQFH OHJDO
SURFHVVHV LPPLJUDWLRQ FRXQWHUWHUURULVP DQG RWKHU VRFLDO DFWLYLWLHV DQG
UHODWLRQVKLSVPD\ DOO EH DIIHFWHG E\ WKH DELOLW\ WR LGHQWLI\ OLNHO\ DW EHVW












SXQLVKPHQW" 7KHVH LVVXHV ZLOO EH H[SORUHG WRJHWKHU ZLWK RWKHU SRWHQWLDO
UDPL¿FDWLRQVRIFXUUHQWUDSLGDGYDQFHVLQQHXURVFLHQFHDQGQHXURLPDJLQJ
2XU UHVSRQVH WR WKHVH FKDOOHQJHVKRZHYHU UHTXLUHV VRPHFDXWLRQ([SHUL


































)RU RSWLPDO XVH RI WKHUDSHXWLF GUXJPRQLWRULQJ 7'0 LW LV QHFHVVDU\ WR
NQRZ KRZ SODVPD FRQFHQWUDWLRQV RI SV\FKRWURSLF GUXJV FRUUHODWH ZLWK
WKHLUFRQFHQWUDWLRQV LQFHUHEURVSLQDOÀXLG&6)$V&6)UHÀHFWVFHUHEUDO
PHWDEROLVP&6)PRQRDPLQHPHWDEROLWHVWXGLHVUHSUHVHQWRQHDSSURDFKWR
LQYHVWLJDWH DQWLGHSUHVVDQW GUXJ DFWLRQ &6) FRQFHQWUDWLRQV RI DQWLGHSUHV
VDQWVDQGWKHLUPHWDEROLWHVPD\WRDKLJKHUGHJUHHUHÀHFWWKHSURSRUWLRQRI
GUXJDYDLODEOHIRUWUDQVSRUWLQWRWKHEUDLQWKDQSODVPDEHFDXVHRIWKH
SUR[LPLW\ RI&6) WR EUDLQ DQG  WKH SRVVLELOLW\ WKDW&6) OHYHOV UHÀHFW
IUHH GUXJ SODVPD OHYHOVZKHUHDV RQO\ WRWDO IUHH SOXV ERXQG GUXJ OHYHOV
DUHJHQHUDOO\PHDVXUHGLQSODVPD6HYHUDOUHVHDUFKJURXSVKDYHPHDVXUHG
















WKH PHWDEROLF LQWHUFRQYHUVLRQ DQG WKH UHODWLRQVKLS EHWZHHQ GUXJ OHYHOV
FOLQLFDOUHVSRQVHDQGWKHFLWDORSUDPLQGXFHGDOWHUDWLRQLQ&6)+,$$DQG
+9$WKHPDMRUPHWDEROLWHVRIEUDLQVHURWRQLQDQGGRSDPLQHUHVSHFWLYHO\
7KH GHPRQVWUDWHG FRUUHODWLRQV EHWZHHQ SKDUPDFRNLQHWLF SDUDPHWHUV DQG
WKH FOLQLFDO RXWFRPH DVZHOO DV +,$$FKDQJHV LQGLFDWH WKDWPRQLWRULQJ
























RI QHXURSHSWLGHV LQ VHYHUDO PHQWDO DQG QHXURORJLFDO GLVHDVHV LQFOXGLQJ





















5HFHQW¿QGLQJV VXJJHVW D NH\ UROH RI QHXURSHSWLGHV LQ WKHPRGXODWLRQRI
HPRWLRQDOEHKDYLRU7RIXUWKHULQYHVWLJDWHWKHUROHRIGLIIHUHQWQHXURSHSWLGHV
LQPHGLDWLQJ WKHUHVSRQVH WRVWUHVV LQ WKHSUHVHQWFRPPXQLFDWLRQZHZLOO
SUHVHQWGDWDRQQHXURSHSWLGHUJLFV\VWHPVVXFKDV&RUWLFRWURSLQ5HOHDVLQJ











LQ WKH FRUWH[ DQGKLSSRFDPSXV DQGRI&5)P51$ LQ WKHSDUDYHQWULFXODU
QXFOHXVRIWKHK\SRWKDODPXV13<<DQG<UHFHSWRUVP51$ZDVGRZQ
UHJXODWHG ZKLOH 1RFLFHSWLQ UHFHSWRU 25/ H[SUHVVLRQ ZDV XSUHJXODWHG






RSSRVLWH HIIHFWV LQ GLIIHUHQW SURWRFROV RQ25/ DQG< UHFHSWRUVP51$
LQGLFDWHV WKDW WKHUH FRXOG EH DQ LQWHUDFWLRQ EHWZHHQ WKH 1RFLFHSWLQ DQG
13<V\VWHPV ,QFRQFOXVLRQ WKHPRGXODWLRQRIGLIIHUHQWQHXURSHSWLGHUJLF










0RQRDPLQHVDUH OLNHO\VXI¿FLHQWEXWQRWQHFHVVDU\IDFWRUV LQ WKHHWLRORJ\
DQG SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG DFFXPXODWHG HYLGHQFH LQ WKH SDVW
WZRGHFDGHV LQGLFDWHV WKDWQHXURSHSWLGHVDOVRSOD\DUROH7KXV LQFUHDVHG
OHYHOV RI&5+ DQG GHFUHDVHG OHYHOV RI QHXURSHSWLGH< 13< KDYH EHHQ
IRXQG LQ FHUHEURVSLQDO ÀXLG &6) IURP GHSUHVVHG SDWLHQWV )XUWKHUPRUH
HOHFWURFRQYXOVLYH WUHDWPHQW (&7 DQG 665,V HJ FLWDORSUDP GHFUHDVH






























VWXGLHV DIWHU FRPSOHWLQJ DQ LQIRUPHG FRQVHQW SURFHVV$OO VXEMHFWV ZHUH







DQGJOXFRQFHQWUDWLRQVZHUH LQFUHDVHG LQ WKHEUDLQVRIGHSUHVVHG VXEMHFWV
6DQDFRUD7KHGLIIHUHQFHVDSSHDUPRVWGUDPDWLFDQGFRQVLVWHQW LQ
VXEMHFWVZLWK0''KDYLQJPHODQFKROLFDQGSV\FKRWLFIHDWXUHV3UHOLPLQDU\









HLWKHU (&7 RU 665, PHGLFDWLRQV QRUPDOL]HG WKH PHDVXUHV WKHUHE\ VXJ







6DQDFRUD*  ,QFUHDVHG RFFLSLWDO FRUWH[*$%$ FRQFHQWUDWLRQV IRO
ORZLQJHOHFWURFRQYXOVLYHWKHUDS\LQGHSUHVVHGSDWLHQWV$P-3V\FK




















FHOOV PDUNHUV HVSHFLDOO\ ROLJRGHQGURJOLD 7KHVH ¿QGLQJV UHVHPEOH WKH
QHXURSODVWLFFKDQJHVSURGXFHGLQKRPRORJRXVVWUXFWXUHVRIURGHQWVGXULQJ
UHSHDWHG VWUHVV YLD D SURFHVV GHSHQGHQW RQ LQWHUDFWLRQV EHWZHHQ JOXFR
FRUWLFRLG VHFUHWLRQ DQG10'$ UHFHSWRU VWLPXODWLRQ7KH0''VXEW\SHV





0HWKRGV 5HJLRQDO JOXFRVH PHWDEROLVP PHDVXUHG XVLQJ 3(7 DQG >)
@)'*ZDVFRPSDUHGEHWZHHQ0''DQGKHDOWK\FRQWUROVDPSOHVEHWZHHQ
XQPHGLFDWHGGHSUHVVHGDQGXQPHGLFDWHGUHPLWWHGSKDVHVRI0''DQGEH
WZHHQ XQPHGLFDWHGGHSUHVVHG DQG DQWLGHSUHVVDQWPHGLFDWHG GHVLSUDPLQH
RU665,SKDVHVRI0''5HJLRQDOJUH\PDWWHUYROXPHVZHUHDVVHVVHGLQ
WKHVDPHVDPSOHVXVLQJ05,
5HVXOWV 0HWDEROLVP ZDV HOHYDWHG LQ GHSUHVVHG VXEMHFWV UHODWLYH ERWK WR
FRQWUROVDQGWRWKHPVHOYHVGXULQJWKHUHPLWWHGDQGWUHDWHGVWDWHVLQUHJLRQV
ZKHUHJUH\PDWWHUORVVH[LVWLQ0''
&RQFOXVLRQV7KHVH GDWD VXSSRUW RWKHU HYLGHQFH WKDW JOXWDPDWHUJLF WUDQV
PLVVLRQ LV HOHYDWHG LQ OLPELFFRUWLFDO FLUFXLWV GXULQJ GHSUHVVLRQ 7KH FR
RFFXUUHQFHRI WKLV¿QGLQJ DQG FRULVRO K\SHUVHFUHWLRQ LQ WKHVH GHSUHVVLYHV
VXJJHVWV WKDW WKHJUH\PDWWHUYROXPHWULF UHGXFWLRQVPD\SDUWO\ UHÀHFW WKH
GHQGULWLFDWURSK\LQGXFHGE\UHSHDWHGVWUHVVLQURGHQWV0HWDEROLVPUHWXUQHG
WRQRUPDWLYHOHYHOVGXULQJFKURQLFDQWLGHSUHVVDQWGUXJWUHDWPHQWFRPSDW



















0HWKRGV 5DWV ZHUH DFXWHO\ DQG FKURQLFDOO\ WUHDWHG ZLWK WKUHH GLIIHUHQW
DQWLGHSUHVVDQWV UHER[HWLQH ÀXR[HWLQH GHVLSUDPLQH PJNJ ZHHNV
6\QDSWLF WHUPLQDOV V\QDSWRVRPHV ZHUH 3HUFROOSXUL¿HG IURP KLSSRFDP








































LW\ DQG SODVWLFLW\'UXJV WKDWPRGXODWH WKH DFWLRQV RI JOXWDPDWH UHSUHVHQW
WKHUDSHXWLF DSSURDFKHV IRU SV\FKLDWULF DQG QHXURORJLFDO FRQGLWLRQV 7KH
DFWLRQVRIJOXWDPDWHDUHPHGLDWHGYLDWZRPDMRUW\SHVRIUHFHSWRUVWHUPHG
ÄLRQRWURSLF³ OLJDQGJDWHG LRQ FKDQQHOV DQG ÄPHWDERWURSLF³ *SURWHLQ










NQRFNRXW PLFH ZHUH WHVWHG LQ VHSDUDWH H[SHULPHQWV ZLWK DJHPDWFKHG
ZLOGW\SHFRQWUROVIRUFKDQJHVLQWKHLUSKHQRW\SHSHUVHXVLQJHOHYDWHGSOXV
PD]H WHVW DQG WKHLU UHVSRQVH WR WKHP*OX UHFHSWRU DJRQLVW /<
6XEVHTXHQWO\FKDQJHVLQEUDLQF)RVZHUHWKHXVHGWRPDSWKHEUDLQUHJLRQV
DQGFLUFXLWVUHVSRQVLEOHIRUWKHDQ[LRO\WLFDFWLRQVRIWKLVFRPSRXQG
5HVXOWV :KHQ FRPSDUHG WR DJHPDWFKHG ZLOGW\SH FRQWUROV P*OX RU
P*OXNQRFNRXWPLFHGLGQRWH[SUHVVDSURPLQHQWDQ[LHW\OLNHSKHQRW\SH
SHUVH LQ WKHHOHYDWHGSOXVPD]HWHVW+RZHYHU WKHDQ[LRO\WLFOLNHDFWLRQV
RI/<RQHOHYDWHGSOXVPD]HZHUHDEROLVKHGLQERWKP*OXUHFHS
WRU NQRFNRXW DQG P*OX UHFHSWRU NQRFNRXW PLFH /LQGHQ HW DO 
6XEVHTXHQWO\ZHVWXGLHGWKHHIIHFWRIGHOHWLQJWKHVHUHFHSWRUVRQEDVDODV
ZHOODV/<LQGXFHGF)RVH[SUHVVLRQLQFHQWUDOVWUHVVIHDUSDWKZD\V
/<DGPLQLVWUDWLRQ WRZLOGW\SHPLFH LQFUHDVHGF)RVH[SUHVVLRQ LQ
VSHFL¿FOLPELFUHJLRQVLQFOXGLQJWKHODWHUDOGLYLVLRQRIWKHFHQWUDOQXFOHXV
RIWKHDP\JGDOD&H/DQGGRUVRODWHUDOEHGQXFOHXVRIWKHVWULDWHUPLQDOLV
%167 7KH /<LQGXFHG F)RV H[SUHVVLRQ LQ DOO WKHVH UHJLRQV
ZDVFRPSOHWHO\DEROLVKHGE\P*OXEXWQRWP*OXUHFHSWRUGHOHWLRQ,Q
FRQWUDVWF)RVH[SUHVVLRQZDVVLJQL¿FDQWO\ LQFUHDVHG LQ WKHKLSSRFDPSXV
RIP*OXEXWQRWP*OX UHFHSWRUNQRFNRXWPLFHFRPSDUHG WRZLOGW\SH
PLFH
&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW HQKDQFHG QHXURQDO DFWLYDWLRQ LQ
VSHFL¿FOLPELFUHJLRQVLQFOXGLQJWKHH[WHQGHGFHQWUDODP\JGDODDQGVXS
















LV NQRZQ DERXW SRWHQWLDO DQWLGHSUHVVDQWOLNH DFWLYLW\ RI JURXS ,,,P*OX5
OLJDQGV ,Q FRQWUDGLFWLRQ WR RWKHU JURXSV RIP*OX UHFHSWRUV DOO JURXS ,,,
P*OX5DJRQLVWVV\QWKHVL]HGVRIDUDUHQRWV\VWHPLFDOO\DFWLYHVRWKH\KDYH
WREHDGPLQLVWHUHG









13KHQ\OK\GUR[\LPLQRF\FORSURSD FKURPHQ FDUERNVDPLGH 3+&&&
DSRVLWLYHDOORVWHULFPRGXODWRURIP*OXDUHFHSWRUV56DOSKDF\FORSUR
S\OSKRVSKRQRSKHQ\OJO\FLQH&33*DJURXS,,,P*OX5DQWDJRQLVW
5HVXOWV 7KH UHVXOWV VKRZHG WKDW D VHOHFWLYH JURXS ,,, P*OX5 DJRQLVW






LQÀXHQFHEHKDYLRURI UDWV LQ WKH WHVW+RZHYHU LW VLJQL¿FDQWO\SRWHQWLDWHG
WKHHIIHFWRIVXEHIIHFWLYHGRVHRI$&37,$&37,DQG$&37,3+&&&
LQGXFHGHIIHFWVZHUHEORFNHGE\&33*DJURXS,,,DQWDJRQLVW


























0HWKRGV ,Q YLWUR VWXGLHV ZHUH GRQH WR PHDVXUH VWDELOLW\ WR GHJUDGDWLRQ
E\SHSWLGDVHVDQGDI¿QLW\ IRUELQGLQJ WR176 ,QYLYREHKDYLRXUDO VWXG








DQG DQWLQRFLFHSWLRQ ,Q URGHQWV LW EORFNV DSRPRUSKLQHLQGXFHG FOLPELQJ
UHYHUVHV WKH GLVUXSWLRQ RI SUHSXOVH LQKLELWRU FDXVHG E\ 'DPSKHWDPLQH







DJHQW PLFH UDWV UKHVXVPRQNH\V7KHVH GDWD VXJJHVW WKDW LWZLOO EH DQ








)DQWHJURVVL :( .R 0&+ :RRGV -+ DQG 5LFKHOVRQ (  $QWLQR
FLFHSWLYH K\SRWKHUPLF K\SRWHQVLYH DQG UHLQIRUFLQJ HIIHFWV RI D QRYHO





































V\VWHPV DUH RIWHQ DVVXPHG WR SOD\ D UROH LQ YXOQHUDELOLW\ WR GUXJ DEXVH






















FRQVXPSWLRQ D FDVFDGHRIELRFKHPLFDOPRGL¿FDWLRQVRFFXUV LQ WKHEUDLQ
ZLWKDQLQFUHDVHRIHQNHSKDOLQVLQOLPELFV\VWHPZKLFKFRQWUROVHPRWLRQV
WRPRGXODWHIHHOLQJRISOHDVXUH7KHLQFUHDVHRIHQGRJHQRXVRSLRLGSHSWLGH
ZKLFK PD\ UHÀHFW UHZDUG H[SHFWDWLRQ LV VKRUWODVWLQJ DQG PD\ EH YHU\














2EMHFWLYHV &RUWLFRWURSLQUHOHDVLQJ IDFWRU KDV EHHQ ZLGHO\ LPSOLFDWHG DV
WKH NH\ UHJXODWRU RI DQ RUJDQLVP¶V HQGRFULQH DXWRQRPLF EHKDYLRUDO DQG
LPPXQHUHVSRQVHWRVWUHVV7KHFORQLQJRIPXOWLSOHUHFHSWRUVXEW\SHV&5)
DQG&5)FRXSOHGZLWKWKHGLVFRYHU\RIGLVWLQFWFKHPLFDOFODVVHVRIVPDOO
PROHFXOH QRQSHSWLGH &5) UHFHSWRU DQWDJRQLVWV KDYH GUDPDWLFDOO\ LQ
FUHDVHGRXUXQGHUVWDQGLQJRIWKLVFRPSOH[V\VWHP7RGDWHWKHUHKDYHEHHQ
RQO\ D IHZ H[DPSOHV IURP WKH¿UVW JHQHUDWLRQ&5) UHFHSWRU DQWDJRQLVWV






















UHFHSWRU DQWDJRQLVWVKDYHQRW\HWSURJUHVVHGEH\RQG LQLWLDO FOLQLFDO3KDVH





VDIH RUDOO\ DFWLQJ &5) UHFHSWRU DQWDJRQLVWV $Q XQGHUVWDQGLQJ RI WKH




+RDUH 65 6XOOLYDQ 6. /LQJ 1 &URZH 3' *ULJRULDGLV '( 
0HFKDQLVPRI FRUWLFRWURSLQUHOHDVLQJ IDFWRU W\SH , UHFHSWRU UHJXODWLRQ E\
QRQSHSWLGHDQWDJRQLVWV0RO3KDUPDFRO
*ULJRULDGLV'(+DGGDFK0/LQJ16DXQGHUV-7KH&5)UHFHSWRU










\HDUV QR FRQVHQVXV KDV EHHQ UHDFKHG FRQFHUQLQJ WKHLU SUHFLVHPROHFXODU
PHFKDQLVPRIDFWLRQ ,Q WKHSUHVHQW VWXG\ZHZLOO LQWURGXFHRXURQJRLQJ
HIIRUWWRLGHQWLI\WKHFRPSRQHQWVRIWKHPROHFXODUPDFKLQHU\UHVSRQVLEOHIRU
DQWLGHSUHVVDQWHI¿FDF\
0HWKRGVDQG5HVXOWV 3KDUPDFRJHQRPLFV LV D SRZHUIXO WRRO WKDW FDQEH
XVHG WR LGHQWLI\ JHQHV DIIHFWHG E\ DQWLGHSUHVVDQWV RU E\ RWKHU HIIHFWLYH
WKHUDSHXWLFPDQLSXODWLRQVLHFKURQLFOLWKLXPWUHDWPHQWUHSHDWHG(&7DQG




&RQFOXVLRQV 'H¿QLQJ WKH UROHV RI WKHVH $'5* JHQHV LQ GUXJLQGXFHG
QHXUDOSODVWLFLW\LVOLNHO\WRWUDQVIRUPWKHFRXUVHRIUHVHDUFKRQWKHELRORJL
FDOEDVLVRIPRRGGLVRUGHUV6XFKGHWDLOHGNQRZOHGJHZLOOKDYHSURIRXQG
HIIHFWV RQ WKH GLDJQRVLV SUHYHQWLRQ DQG WUHDWPHQW RI GHSUHVVLRQ 1RYHO
ELRORJLFDO DSSURDFKHV EH\RQG WKH ³PRQRDPLQH K\SRWKHVLV´ DUH H[SHFWHG















LQ URGHQW FHUHEUDO FRUWH[ 0DU[ HW DO   %DUEDFFLD HW DO 
)OXR[HWLQHDOVRHOHYDWHV$//28]XQRYHWDO3LQQDHWDO(OHYD
WLRQVLQ$//2PD\FRQWULEXWHWRWKHDQ[LRO\WLFDQGDQWLGHSUHVVDQWDFWLRQV
RI WKHVH FRPSRXQGV3UHJQHQRORQH 35(* LV D SRWHQWLDO SUHFXUVRU WR DOO
VWHURLGV DQG 35(* DQG LWV VXOIDWHG GHULYDWLYH GHPRQVWUDWH SURQRXQFHG
HIIHFWVRQOHDUQLQJDQGPHPRU\LQURGHQWV)ORRGHWDO$NZD
HW DO 9DOOHH HW DO 'HR[\FRUWLFRVWHURQH '2& LV D SUHFXUVRU
WRDOORWHWUDK\GURGHR[\FRUWLFRVWHURQH7+'2&DQHXURDFWLYHVWHURLGZLWK




0HWKRGV0DOH UDWV Q SHUFRQGLWLRQZHUH LQMHFWHG ,3ZLWKYHKLFOH





5HVXOWV +LSSRFDPSDO 35(* OHYHOV ZHUH VLJQL¿FDQWO\ HOHYDWHG IROORZ
LQJRODQ]DSLQHÀXR[HWLQHRU WKHFRPELQDWLRQRI WKHVHDJHQWV LQERWK WKH
KLJKGRVH$129$S SRVWKRF'XQQHWWSIRUDOOJURXSV
DQG ORZGRVH $129$ S SRVWKRF S IRU DOO  JURXSV H[
SHULPHQWV+LSSRFDPSDO$//2OHYHOVZHUHDOVRHOHYDWHGLQDOOWKUHHJURXSV
6HUXP'2&OHYHOVZHUHVLJQL¿FDQWO\HOHYDWHGIROORZLQJRODQ]DSLQHÀXR[
HWLQH RU WKH FRPELQDWLRQ LQ WKH KLJK DQG ORZGRVH H[SHULPHQWV 35(*
OHYHOVZHUH SRVLWLYHO\ FRUUHODWHGZLWK'2&DQG$//2 OHYHOV LQ ERWK WKH
KLJKGRVHU U UHVSHFWLYHO\DQGORZGRVHH[SHULPHQWVU 
U UHVSHFWLYHO\
&RQFOXVLRQV35(*LQFUHDVHVVLJQL¿FDQWO\LQURGHQWKLSSRFDPSXVIROORZ















6FKL]RSKUHQLD LV WKRXJKW WR LQYROYH K\SHUDFWLYLW\ RI WKH QHXURWUDQVPLWWHU
GRSDPLQH V\PSWRPV DUH FRUUHFWHG E\ GRSDPLQH UHFHSWRU EORFNDGH DQG
H[DFHUEDWHG E\ GRSDPLQHUHOHDVLQJ DJHQWV +RZHYHU VXVWDLQHG EORFNDGH
RIJOXWDPDWHQHXURWUDQVPLVVLRQE\DQWDJRQLVWVDWWKH1PHWK\O'DVSDUWDWH
10'$ UHFHSWRU VXEW\SH VXFK DV SKHQF\FOLGLQH SURGXFHV D UDQJH RI
V\PSWRPV UHPDUNDEO\ VLPLODU WR VFKL]RSKUHQLD DQG GUXJV IDFLOLWDWLQJ WKLV
QHXURWUDQVPLVVLRQ LPSURYH V\PSWRPVRI WKH GLVHDVH7KH UHODWLRQVKLSV DW
WKH PROHFXODU OHYHO EHWZHHQ GRSDPLQHUJLF DQG JOXWDPDWHUJLF V\VWHPV LQ
VFKL]RSKUHQLD DUH QRW XQGHUVWRRG +HUH ZH VKRZ WKDW VFKL]RSKUHQLDOLNH






D GRZQUHJXODWLRQ RI UHHOLQ H[SUHVVLRQ ZKLFK LV FRQWUROOHG QHJDWLYHO\ E\
%'1)6LPLODUDOWHUDWLRQVKDYHEHHQUHSRUWHGLQWKHSRVWPRUWHPEUDLQIURP
SDWLHQWVZLWKVFKL]RSKUHQLD5HSHDWHGDGPLQLVWUDWLRQVRIDQWLSV\FKRWLFVRU
'UG EORFNHUV FRUUHFW WKH EHKDYLRUDO DEQRUPDOLWLHV DQG QRUPDOL]H 'UG
%'1)DQGUHHOLQH[SUHVVLRQ ,QDGGLWLRQ%'1)K\SRPRUSKVDUH LQVHQVL
WLYHWR10'$UHFHSWRUEORFNDGH3UHIURQWDOFRUWLFDOJOXWDPDWHUJLFQHXURQV

























ODWH WKH IXQFWLRQ RI OLJDQGJDWHG LRQ FKDQQHOV WKURXJK LQWHUIHUHQFH ZLWK
HQGRJHQRXV QHXURDFWLYH VWHURLGV EHVLGHV WKHLU FODVVLFDO PHFKDQLVPV RI
DFWLRQ ,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG ZKHWKHU DQWLGHSUHVVDQWV DQG
DQWLSV\FKRWLFVPD\GLUHFWO\PRGXODWHWKHIXQFWLRQRI+7UHFHSWRUVDVD
PRGHORIDOLJDQGJDWHGLRQFKDQQHO
0HWKRGV :H XVHG ZKROH FHOO YROWDJH FODPS UHFRUGLQJV DQG FDOFLXP










DUH IXQFWLRQDO DQWDJRQLVWV DW HQGRJQRXV DQG UHFRPELQDQW +7 UHFHS
WRUV DW WKHUDSHXWLFDOO\ UHOHYDQW FRQFHQWUDWLRQV 7KH PRGXODWRU\ DFWLRQ RI










& 5LHULQJ.+DSIHOPHLHU* %RQG\% =LHJOJlQVEHUJHU:+ROVERHU )
5XSSUHFKW5$QWLSV\FKRWLFGUXJVDQWDJRQLVHKXPDQVHURWRQLQW\SH










3UHFOLQLFDO VWXGLHV XVLQJ YDULRXV DQLPDOPRGHOV KDYH VKRZQ WKDW JOXWD
PDWHDQWDJRQLVWVLQFOXGLQJDFDPSURVDWHPRGXODWHWKHUHOHDVHRIPLGEUDLQ



























FIRVJHQHH[SUHVVLRQ LQ WKHFRUWH[ZKLFK LV FKDUDFWHULVWLFRI WKHDOFRKRO
ZLWKGUDZDO V\QGURPH 7KH */8 OHYHO ZDV GHFUHDVHG LQ WKH EORRG RI DO
FRKROLFSDWLHQWV'XULQJDOFRKROZLWKGUDZDOKRZHYHU*/8FRQFHQWUDWLRQ





















XVLQJ  QRQ WUHDWPHQW VHHNLQJ DOFRKROGHSHQGHQW LQGLYLGXDOV UHYHDOHG
WKDW DGYHUVH HYHQWV WHQGHG WR VXPPDWH DQG ZHUHPD[LPDO DW WKH KLJKHVW
PHGLFDWLRQ GRVH FRPELQDWLRQ RI ERWK GUXJV )XUWKHU QR VHULRXV DGYHUVH
HYHQWVZHUH VHHQZLWK UHVSHFW WRKHSDWLF UHQDORU FRJQLWLYH IXQFWLRQDQG
SHUIRUPDQFH7KH WHQGHQF\ IRU DFDPSURVDWH WR UHGXFHEORRG OHYHOVRI WKH





SDUW RI WKLV SUHVHQWDWLRQ HYLGHQFH IURP UHFHQW FOLQLFDO VWXGLHV SURYLGLQJ













WKDW XS WR PJGD\ RI WRSLUDPDWH D JOXWDPDWH DQWDJRQLVW DQG*$%$





RI PLGEUDLQ GRSDPLQH UHOHDVH ,Q D VPDOO RSHQODEHO WULDO ZH FRPSDUHG



















'HVSLWH WKH H[SORVLRQ RI QHZ VFLHQWL¿F NQRZOHGJH OHDGLQJ WR WKH GHYHO
RSPHQW RI QHZ PHGLFDWLRQV WKHUH DSSHDUV WR EH OLWWOH V\QHUJ\ EHWZHHQ
UHVHDUFKHUV LQ WKH 86 DQG (XURSH ,QGHHG WKHUH LV D QHHG WR GHYHORS
FRQVHQVXVZLWKUHVSHFWWRVWDQGDUGL]LQJVWUDWHJLHVHJOHQJWKRIWUHDWPHQW




WKLV SUHVHQWDWLRQ ZLOO SURYLGH D FULWLFDO DSSUDLVDO RI WKH VLPLODULWLHV DQG























ZHLJKW JDLQ LQ WZR SRSXODWLRQV ZLWK VFKL]RSKUHQLD RQH VWXGLHG RYHU 
ZHHNVDQGRQHRYHUPRQWKVZLWKOHSWLQPHDVXUHPHQWVEHLQJXQGHUWDNHQ








&RQFOXVLRQV7KHVH¿QGLQJVGHPRQVWUDWH WKDW WKHYDOXHRI WKHSKDUPDFR
JHQHWLFVLQSUHGLFWLQJDQWLSV\FKRWLFGUXJLQGXFHGZHLJKWJDLQDQGGHPRQ
VWUDWHV WKDW D FRPPRQPHFKDQLVPPD\ LQYROYH HIIHFWV RQ WKH IXQFWLRQRI
OHSWLQDKRUPRQHUHJXODWLQJIRRGLQWDNH
5HIHUHQFHV
5H\QROGV *3 =KDQJ =- =KDQJ ;% $VVRFLDWLRQ RI DQWLSV\FKRWLF
GUXJLQGXFHG ZHLJKW JDLQ ZLWK D +7& UHFHSWRU JHQH SRO\PRUSKLVP
/DQFHW
7HPSOHPDQ/$5H\QROGV*3$UUDQ]%6DQ/3RO\PRUSKLVPVRI





















WULDO RI RODQ]DSLQH YV ULVSHULGRQH7LPH XQWLO VXVWDLQHG UHVSRQVH VWULFWO\
GH¿QHGIRUUDUHDOOHOHFDUULHUVYVZLOGW\SHVZDVH[DPLQHGXVLQJ.DSODQ


























JHQHWLF SUHGLVSRVLWLRQ 6HYHUDO JHQHWLF PXWDWLRQV LQ GRSDPLQHUJLF DQG
VHURWRQHUJLFUHFHSWRUVDQGLQQHXURWUDQVPLWWHUWUDQVSRUWHUVKDYHEHHQLQGH
SHQGHQWO\DVVRFLDWHGWRFOR]DSLQHUHVSRQVHYDULDELOLW\+RZHYHULPSURYHG


























WULDOV UHFHLYLQJ KDORSHULGRO FKORUSURPD]LQH ULVSHULGRQH DQG RODQ]DSLQH





OHG VWXG\ RI DFXWH H[DFHUEDWLRQ RI SV\FKRVLV WKDW LQYROYHG UDQGRPL]LQJ
VXEMHFWVWR,0RODQ]DSLQHPJ,0KDORSHULGROPJRU,0SODFHER
2ODQ]DSLQH DQG KDORSHULGRO JURXSV VKRZHG JUHDWHU UHVROXWLRQ RI RYHUDOO





DQDO\VLV FRQ¿UPHG WKDW WKLV HDUO\ SV\FKRVLV LPSURYHPHQW LV QRW XQLGLUHF
WLRQDOO\FDXVHGE\FKDQJHVLQRWKHUIDFWRUV
&RQFOXVLRQV 5HVSRQVH WR DQWLSV\FKRWLF PHGLFDWLRQV EHJLQV ZLWKLQ WKH
¿UVW IHZ GD\V RI LQLWLDWLQJ WUHDWPHQW 7KLV HIIHFW LV VSHFL¿F LQ WKDW LW LV
GLVWLQJXLVKDEOHIURPVHGDWLRQDQGSODFHERUHVSRQVHDQGLWSUHGLFWVORQJHU
WHUP FKDQJHV 6WXGLHV IURP RWKHU JURXSV H[DPLQLQJ GUXJV DV GLYHUVH DV



















0HWKRGV ,Q DQ DQDO\VLV RI WKH GDWD RI  SDWLHQWV =ULFK GDWD VHW






FXODWHG WKH UDWHV RI LPSURYHPHQW VWDEOH UHVSRQVH DQG VWDEOH UHPLVVLRQ DW






5HVXOWV2XU UHVXOWV IURP WKH=ULFK GDWD VHW \LHOGHG FOHDU HYLGHQFH WKDW




ZHHNV RI WUHDWPHQW (DUO\ LPSURYHPHQWZDV IRXQG WR EH WR D VXEVWDQWLDO
SDUW GUXJLQGXFHG DQGKLJKO\SUHGLFWLYHRI ODWHU UHVSRQVH ,Q WKHPLUWD]D
SLQH665,PHWDDQDO\VLV HDUO\ LPSURYHPHQW DIWHU ZHHNV RI WUHDWPHQW
DOVRZDVDKLJKO\VHQVLWLYHSUHGLFWRURIODWHUVWDEOHUHVSRQVHPLUWD]DSLQH
 665,  DQG VWDEOH UHPLVVLRQ IRU ERWK GUXJV PLUWD]DSLQH
665,$IWHUZHHNVRIWUHDWPHQWRQO\DERXWRIWKH











6]HJHGL $ 0OOHU 0 $QJKHOHVFX , .ODZH & .RKQHQ 5 %HQNHUW 2








2EMHFWLYHV 'XULQJ WUHDWPHQW WULDOV RI DQWLSV\FKRWLF PHGLFDWLRQ WKH WLPH
FRXUVH JHQHUDOO\ LQGLFDWHV WKDW WKHPRVW UDSLG GHFUHDVH RI V\PSWRPV RF
FXUV LQ WKH ¿UVWZHHN HYHQ WKRXJK WKH UHGXFWLRQ LQ V\PSWRPV LV XVXDOO\
QRWVWDWLVWLFDOO\VLJQL¿FDQWXQWLODIWHUVHYHUDOZHHNV7KLVREVHUYDWLRQVXJ




KRXUVRI WKH LQLWLDWLRQRI WUHDWPHQWZLWKDQWLSV\FKRWLFPHGLFDWLRQ LQ¿UVW
HSLVRGHVFKL]RSKUHQLD
























¿UVWGRVHRIULVSHULGRQH WKRXJKWKHFKDQJHV LQPHWDEROLVPDUH ODUJHUDQG
PRUHH[WHQVLYHDIWHUZHHNVRIWUHDWPHQW
5HIHUHQFHV
/LGGOH 3) /DQH&0-1JDQ7&  ,PPHGLDWH HIIHFWV RI ULVSHULGRQH


















0HWKRGV7R LQYHVWLJDWH WKH JHQHWLF SUHGLVSRVLWLRQ WR WKH WLPH FKDUDFWHU
LVWLFV RI SV\FKRWURSLF GUXJ UHVSRQVH ZH FDUULHG RXW D PROHFXODUJHQHWLF
VWXG\RI SDWLHQWV WUHDWHGZLWK WKHDQWLGHSUHVVDQWVPLUWD]DSLQHDQG
SDUR[HWLQH LQ D GRXEOHEOLQG VL[ZHHN WULDO DQG   SDWLHQWV WUHDWHG




















&RQFOXVLRQV 5HVSRQVH WR SV\FKRWURSLF GUXJ WUHDWPHQW WKXV DSSHDUV











2EMHFWLYHV 7KHUDSHXWLF 'UXJ 0RQLWRULQJ 7'0 LV FRPPRQO\ DSSOLHG
ZKHQ WUHDWLQJ SDWLHQWV ZLWK DQWLGHSUHVVDQW GUXJV 6WLOO H[SHULPHQWDO DQG
FOLQLFDOVWXGLHVRQWKHH[WUDYHUVXVLQWUDFHUHEUDOGLVSRVLWLRQRIVXFKGUXJV
KDYHEHHQJURVVO\QHJOHFWHG
0HWKRGV$Q LQ YLYR DQLPDOPRGHO ZDV XVHG WR VWXG\ WKH FRQFHQWUDWLRQ
RXWFRPHRI WZRQHZHU DQWLGHSUHVVDQW GUXJV WKH665, FLWDORSUDPDQG WKH
615,YHQODID[LQH,QGHHGDIWHUUDFHPLFV\VWHPLFVLQJOHRUFKURQLFDGPLQ




5HVXOWV ,WZDVREVHUYHG WKDW WKHDFWXDOFRPSRVLWH 65GUXJFRQFHQWUD
WLRQVZHUHDERXWRQHRUGHURIPDJQLWXGHKLJKHU LQEUDLQSDUHQFK\PDDQG
DERXWRQHRUGHURIPDJQLWXGHORZHULQWKHEUDLQH[WUDFHOOXODUFRPSDUWPHQW
FRPSDUHG ZLWK WKDW GHWHUPLQHG LQ VHUXP LQ VWHDG\VWDWH FRQGLWLRQV 7KH
FRUUHODWLRQV EHWZHHQ WKH VHUXP DQG GLIIHUHQW LQWUDFHUHEUDO GUXJ DQG GUXJ
PHWDEROLWH FRQFHQWUDWLRQV ZHUH KRZHYHU PRVW RIWHQ IRXQG WR EH VWURQJ















2EMHFWLYHV 7KRXJK D QXPEHU RI QHZ DQWLSV\FKRWLF GUXJV KDYH EHHQ
LQWURGXFH GXULQJ WKH ODVW  \HDUV DQG LPSURYHG WKH SKDUPDFRWKHUDS\ RI
VFKL]RSKUHQLF GLVRUGHUV LQVXI¿FLHQW UHVSRQVH LV VWLOO D SUREOHP IRU PDQ\
SDWLHQWV:H DQDO\]HG LI WUHDWPHQW FDQ EH RSWLPL]HG E\ PRQLWRULQJ GUXJ
FRQFHQWUDWLRQVLQEORRG
0HWKRGV %ORRG VDPSOHV ZHUH WDNHQ IURP VFKL]RSKUHQLF SDWLHQWV WUHDWHG
XQGHU QDWXUDOLVWLF FRQGLWLRQV ZLWK RODQ]DSLQH DPLVXOSULGH TXHWLDSLQH RU
]LSUDVLGRQHDQGGHWHUPLQHGGUXJFRQFHQWUDWLRQVLQSODVPDDQGUHODWHGWKHP
WR WKHUDSHXWLF HIIHFWV DFFRUGLQJ WR WKH&OLQLFDO*OREDO ,PSUHVVLRQV &*,
VFDOHDQGVLGHHIIHFWV
5HVXOWV 3ODVPD FRQFHQWUDWLRQV RI DOO DQWLSV\FKRWLF GUXJV ZHUH KLJKO\
YDULDEOH EHWZHHQ LQGLYLGXDOV ZLWK SRRU FRUUHODWLRQV EHWZHHQ GDLO\ GRVHV
DQGSODVPDFRQFHQWUDWLRQV5HWURVSHFWLYHDQDO\VHVUHYHDOHGWKDWWKHFOLQLFDO
LPSURYHPHQWZDVEHWWHULQSDWLHQWVZLWKSODVPDOHYHOVRIDPLVXOSULGHDERYH
 QJPO TXHWLDSLQH DERYH  QJPO RODQ]DSLQH DERYH  QJPO WKDQ
LQSDWLHQWVZLWK ORZHU OHYHOV0RUHRYHU LQSDWLHQWV IRUZKRPVLGHHIIHFWV
ZHUHUHSRUWHGWKHPHDQSODVPDFRQFHQWUDWLRQVZHUHKLJKHUWKDQLQSDWLHQWV
ZLWKRXWVLGHHIIHFWV
&RQFOXVLRQV (YLGHQFH LV JURZLQJ WKDW WKHUDSHXWLF GUXJ PRQLWRULQJ KDV















5HFHQW DGYDQFHV LQ QHXURLPDJLQJZLWK 3(7 RU 63(&7 DQG DSSURSULDWHO\
UDGLRODEHOOHG OLJDQGV IRU VHURWRQLQ WUDQVSRUWHU 6(57 OHG WRQHZ LQVLJKWV
LQWRGRVLQJDQGWKHPHFKDQLVPRIDFWLRQRIDQWLGHSUHVVDQWV(DUO\DWWHPSWV
XVLQJ>,@ȕ&,7DQG63(&7GHPRQVWUDWHGVXEVWDQWLDOLQYLYREORFNDGHRI






0H\HU HW DO  UHSRUWHG YHU\ KLJK OHYHOV RI DSSUR[LPDWHO\ 
6(57RFFXSDQF\GXULQJWUHDWPHQWZLWKFOLQLFDOO\XVHGGRVHVRISDUR[HWLQH
DQGFLWDORSUDP,QDQRWKHUVHULHVRIH[SHULPHQWV.OHLQHWDOWUHDWHG
KHDOWK\ YROXQWHHUV ZLWK D VLQJOH GRVH RI HLWKHU HVFLWDORSUDP  PJ












SHUIRUPHG SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 VWXGLHV ERWK LQ SDWLHQWV
ZLWK VFKL]RSKUHQLF GLVRUGHUV DQG LQ KHDOWK\ YROXQWHHUV ZKRZHUH WUHDWHG
ZLWKYDULRXVDQWLSV\FKRWLFGUXJV
0HWKRGV 3DWLHQWV VXIIHULQJ IURP VFKL]RSKUHQLD '60,9 ZKR ZHUH
WUHDWHGZLWKHLWKHUDPLVXOSULGHFOR]DSLQHRU]LSUDVLGRQHDQGQRUPDOFRQ
WUROVZKRUHFHLYHGDULSLSUD]ROHXQGHUZHQWD3(7VFDQZLWKD'VHOHFWLYH
EHQ]DPLGH UDGLRWUDFHU >&@UDFORSULGH >)@IDOO\SULGH >)@GHVPHWKR[\
IDOO\SULGH' UHFHSWRU RFFXSDQF\ZDV GHWHUPLQHG LQ VWULDWXP DQG ± IRU
WKH>)@IDOO\SULGHVWXGLHV±LQH[WUDVWULDWDOUHJLRQV3ODVPDFRQFHQWUDWLRQV
RIWKHUHVSHFWLYHGUXJVZHUHGHWHUPLQHGLQDOOVXEMHFWV2FFXSDQF\YDOXHV
DQGSODVPDFRQFHQWUDWLRQVZHUH¿W WR DRQH VLWH OLJDQGELQGLQJPRGHOE\
QRQOLQHDUUHJUHVVLRQ
5HVXOWV)RUFOR]DSLQHPHDQ'UHFHSWRURFFXSDQF\ZDVVWDWLVWLFDOO\VLJ






























7KH ¿UVW GHPRQVWUDWLRQ RI WKH HOHFWULFDO DFWLYLW\ RI WKH KXPDQ EUDLQ YLD
HOHFWURHQFHSKDORJUDSK\ ((* LQ WKH ¶V E\ +DQV %HUJHU RSHQHG D
FRPSOHWHO\ QHZ¿HOG IRU SV\FKLDWU\%HUJHU¶V GUHDPZDV WR ¿QG FOXHV VR
VHSDUDWH SV\FKLDWULF SDWLHQWV IURP QRUPDOV XVLQJ WKLV WHFKQLTXH 7RGD\
GHYHORSPHQWVLQWKH¿HOGKDYHUHDFKHGGLPHQVLRQV%HUJHUFRXOGQRWKDYH
LPDJLQHG





,Q WKH ¶V ¿UVW FRPSXWHG WRPRJUDSK\ &7 VFDQV DQG ODWHUPDJQHWLF
UHVRQDQFHLPDJLQJ05,VFDQVZHUHGHYHORSHGZKLFKZHUHDEOHWRVKRZD
GHWDLOHGVWUXFWXUDOLPDJLQJRIWKHEUDLQ




























5HVXOWV :LWK WKH H[SORVLRQ LQ QHXURVFLHQFH KDV FRPH D EORVVRPLQJ RI
QHZWHFKQLTXHVLQEUDLQVWLPXODWLRQ%67KHVHFDQEHGLYLGHGLQWRWKRVH
LQWHQGHG WR SURGXFH D VHL]XUH FRQYXOVLYH DQG WKRVH ZKHUH D VHL]XUH LV
QRW SURGXFHG QRQFRQYXOVLYH &RQYXOVLYH WHFKQLTXHV LQFOXGH WKH FODV
VLFDO HOHFWURFRQYXOVLYH WKHUDS\ (&7 PDJQHWLF VHL]XUH WKHUDS\ 067
DQG VHL]XUHV SURGXFHG E\ DOWHUQDWLQJ GLUHFW FXWDQHRXV IRFXVHG HOHFWULFDO













FODVVLFDOO\ SV\FKLDWULF GLVRUGHUV WKHUH DUH RYHU  GLIIHUHQW SRWHQWLDO
WKHUDSHXWLFFRPELQDWLRQV
&RQFOXVLRQV7KHIXWXUHLVSURPLVLQJIRUEUDLQVWLPXODWLRQ+RZHYHUPXFK
ZRUN UHPDLQV LQ WHUPVRIRUJDQL]LQJDQGFRQGXFWLQJFOLQLFDO WUDQVODWLRQDO
%6ZRUN*UHDWHUXQGHUVWDQGLQJRIWKHHIIHFWVRIEUDLQVWLPXODWLRQLQQRUPDO


























5HVXOWV (OHYHQ  RI  VXEMHFWV UDQGRPL]HG WR DFWLYH U706 PHW




VLJQL¿FDQWO\ JUHDWHU LQ WKH DFWLYH U706JURXS S U706ZDVZHOO
WROHUDWHGZLWKQRVHL]XUHVRUGH¿FLWVLQFRJQLWLYHIXQFWLRQQRWHG









2EMHFWLYHV ,WZDVDLPHGWRUHYLHZWKH OLWHUDWXUHDERXW WKHFOLQLFDOXVHRI

























0HWKRGV 3DWLHQWV ZLWK WUHDWPHQWUHVLVWDQW GHSUHVVLRQ Q  UHFHLYHG DW
OHDVW WHQ VHVVLRQV RI U706 DQG DOO XQGHUZHQW 4((* DQG EUDLQPDSSLQJ
EHIRUHWKHU706DIWHUWKHWHQWKVHVVLRQDQGLPPHGLDWHO\DIWHUDVLJQL¿FDQW
FOLQLFDO LPSURYHPHQWKDVEHHQREVHUYHG U706ZLWKD IUHTXHQF\RI
+] ZDV DSSOLHG WR WKH OHIW IURQW WHPSRUDO UHJLRQ &OLQLFDO LPSURYHPHQW
ZDVUDWHGE\+$0'WKDWZDVJLYHQWRDOOSDWLHQWVLQVL[PRQWK'UXJVWKH
SDWLHQWVZHUHWDNLQJZHUHQRGLVFRQWLQXHG
5HVXOWV$ GHFUHDVH RI  SHUFHQWZDV VKRZQ LQ+$0' VFRUHV DIWHU
U706$QLQFUHDVHLQVORZZHDYHWKHWDRUGHOWDDFWLYLW\ZDVREVHUYHGDIWHU
WKH WHQWK VHVVLRQ LQ VRPH FDVHV$IWHU D VLJQL¿FDQW FOLQLFDO LPSURYHPHQW
4((*¿QGLQJV WXUQHG WR QRUPDO ,Q SDWLHQWVZLWK KLJKEHWD SRZHU HVSH
FLDOO\DQLQFUHDVHLQGHOWDSRZHULQWKHOHIWKHPLVSKHUHRFFXUUHG,QSDUDOOHO




REVHUYHG LQSDUDOOHO WR FOLQLFDO LPSURYHPHQWQRPDWWHUZLWKSUHWUHDWPHQW







&, DQG &, 4XDQWLWDWLYH SKDUPDFRHOHFWURHQFHSKDORJUDSK\ DQG
6OHHS3K\VLFLDQV'UXJ0DQXHO

















2EMHFWLYHV $ ODUJH ERG\ RI HYLGHQFH SRLQWV WR D UHGXFHG DFWLYDWLRQ RI




0HWKRGV ,Q WZR GRXEOHEOLQG SODFHERFRQWUROOHG UDQGRPL]HG VWXGLHV
ZLWKDWRWDOQ ZHIRXQGDEHQH¿FLDOHIIHFWRIFHOHFR[LEFRDGPLQLVWUD
WLRQWRULVSHULGRQHLQVFKL]RSKUHQLFSDWLHQWVZLWKDQGXUDWLRQRILOOQHVVQRW




LQJ HIIHFWV RI&2; LQKLELWRUV/HYHOV RI V,/5 LQFUHDVHGGXULQJ WUHDW
PHQWZLWK&HOHFR[LEEXWQRWLQWKHSODFHERJURXSWKHGHFUHDVHRI&'
%FHOOVZDVSDUDOOHOHGE\DVLJQL¿FDQWGHFUHDVHRIQHJDWLYHV\PSWRPVLQWKH
&HOHFR[LE JURXS ORZHU OHYHOV RI V71)5SUHGLFWHG D EHWWHU UHVSRQVH WR
&HOHFR[LEWUHDWPHQW
&RQFOXVLRQV%HVLGHVWKHGLUHFWHIIHFWVRI&2;LQKLELWLRQRQWKHLPPXQH























0HWKRGV 7KH VWXG\ XVHG D FRKRUW GHVLJQZKLFK FRPSDUHG WKH ULVN RI D
SV\FKRWLF HSLVRGH ZLWKLQ D PRQWK SHULRG IROORZLQJ WKH SUHVFULSWLRQ LQ
&2;L XVHUV WR WKH FRUUHVSRQGLQJ ULVNZLWKLQ D UDQGRP PRQWK SHULRG
LQQRQXVHUV7KHVWDUWRIWKHPRQWKSHULRGZDVWKHLQGH[GDWH7KHGDWD
VRXUFHZDVD86HPSOR\HUEDVHGKHDOWKFDUHLQVXUDQFHGDWDEDVHFRQWDLQLQJ
SDWLHQWOHYHO PHGLFDO DQG SKDUPDF\ FODLPV GDWD FRYHULQJ XS WR  \HDUV
RI SDWLHQWPHGLFDO KLVWRULHV IRU D UHSUHVHQWDWLYH SRSXODWLRQ RI PLOOLRQ












RI DJH JHQGHU DQWLSV\FKRWLF WUHDWPHQW KLVWRU\ VSHFL¿F VFKL]RSKUHQLD
































DJH ZDV  6'  \HDUV 3V\FKRSDWKRORJ\ ZDV DVVHVVHG 3$166 7KH
DQDO\VLVZDVSHUIRUPHGDFFRUGLQJWRWKHFULWHULRQµODVWREVHUYDWLRQFDUULHG
IRUHZDUG¶







GHFUHDVH RI WKH 3$166 WRWDO VFDOH DQG DOO VXEVFDOHV GXULQJ WKH WUHDWPHQW
SHULRGEXWQRLQÀXHQFHRIWKHWUHDWPHQWJURXSSODFHERYVFHOHFR[LE
$ IXUWKHU H[SORUDWLYHDQDO\VLV VKRZHG WKDW WKHUHPLJKWEHDQ LQÀXHQFHRI
WKHGXUDWLRQRI WKHGLVHDVH WR WKHGLIIHUHQFHV LQ WKHRXWFRPHRIFHOHFR[LE
WKHUDS\ ,Q SDWLHQWV ZLWK D VKRUW GXUDWLRQ RI GLVHDVH    \HDUV D 

















D VKRUWGXUDWLRQRIGLVHDVH LQ WKH¿UVW VWXG\FRPSDUHG WR WKHDFWXDO VWXG\
7KLV GLIIHUHQFH LQ WKH VDPSOHFKDUDFWHULVWLFVPLJKW FRQWULEXWH WR
WKHQHJDWLYHRXWFRPHRIWKHDFWXDOVWXG\
)URPWKHLPPXQRORJLFDOSRLQWRIYLHZLWFDQEHH[SHFWHGWKDWDVKRUWWHUP
LQÀDPPDWRU\ SURFHVV UHVSRQGV EHWWHU WR DQWLLQÀDPPDWRU\ WUHDWPHQW WKDQ
FKURQLF LQÀDPPDWLRQ,QDFKURQLF LQÀDPPDWRU\SURFHVVFHOOGHVWUXFWLRQ
DSRSWRWLFDQGGHJHQHUDWLYHSURFHVVHVSOD\DUROH$OWKRXJKQHXURSURWHFWLYH
SURSHUWLHV RI &2; LQKLELWRUV DUH GHVFULEHG WKH\ PLJKW QRW EH DEOH WR






























LQWR WKRVH ZLWK LPPXQH DFWLYDWLRQ DV GH¿QHG E\ KDYLQJ V,/ UHFHSWRU
OHYHOVWZRVWDQGDUGGHYLDWLRQVEH\RQGWKHPHDQ





























2EMHFWLYHV7U\SWRSKDQ LVDQHVVHQWLDO DPLQRDFLGDQG WKH OHDVW DEXQGDQW
FRQVWLWXHQWRISURWHLQV,QSDUDOOHOLWUHSUHVHQWVDVRXUFHIRUWZRLPSRUWDQW
ELRFKHPLFDO SDWKZD\V WKH JHQHUDWLRQ RI QHXURWUDQVPLWWHU K\GUR[\WU\S
WDPLQH VHURWRQLQ E\ WKH WHWUDK\GURELRSWHULQGHSHQGHQW WU\SWRSKDQ K\
GUR[\ODVH DQG WKH IRUPDWLRQ RI N\QXUHQLQH GHULYDWLYHV DQG QLFRWLQDPLGH
DGHQLQHGLQXFOHRWLGHVLQLWLDWHGE\WKHHQ]\PHVWU\SWRSKDQS\UURODVHWU\S
WRSKDQ GLR[\JHQDVH 7'2 DQG LQGROHDPLQH GLR[\JHQDVH ,'2
:KHUHDV7'2LVORFDWHGLQWKHOLYHU,'2LVH[SUHVVHGLQDODUJHYDULHW\RI
FHOOVDQGLVLQGXFLEOHE\WKH7KW\SHF\WRNLQHLQWHUIHURQȖ

















GXULQJ LQWHUIHURQȖ WKHUDS\ RI SDWLHQWV ZLWK PDOLJQDQW PHODQRPD ZDV
DVVRFLDWHG ZLWK KLJKHU ULVN IRU GHSUHVVLRQ  ([WUDFWV IURP +\SHULFXP
SHUIRUDWXP6W-RKQ¶VZRUWDQG8QFDULDWRPHQWRVDZHUHIRXQGWRVXSSUHVV
F\WRNLQHLQGXFHG,'2DFWLYLW\LQYLWUR








WR EH DVVRFLDWHGZLWK UHGXFHG TXDOLW\ RI OLIH ,'2 FRXOG UHSUHVHQW D OLQN
EHWZHHQ WKH LPPXQRORJLFDO QHWZRUN DQG QHXURHQGRFULQH IXQFWLRQV ZLWK
IDUUHDFKLQJFRQVHTXHQFHVLQUHJDUGWRWKHSV\FKRORJLFDOVWDWXVRISDWLHQWV
2EVHUYDWLRQVSURYLGHDEDVLVIRUWKHEHWWHUXQGHUVWDQGLQJRIPRRGGLVRUGHU















'UXJ'HYHORSPHQW IURP1HZ0ROHFXOHV  5HFHQW 3URJUHVV LQ0HGLFLQDO
3ODQWVYRO*RYLO-1HG6WXGLXP3UHVV//&+RXVWRQ7;LQSUHVV











$ ODUJH ERG\ RI HYLGHQFH SRLQWV WR D SURLQÀDPPDWRU\ LPPXQH UHVSRQVH
LQSDWLHQWV VXIIHULQJ IURPGHSUHVVLYHGLVRUGHUV$QRYHUVWLPXODWLRQRI WKH
WU\SWRSKDQ 753 GHJUDGLQJ HQ]\PH LQGROHDPLQH GLR[\JHQDVH ,'2
E\ SURLQÀDPPDWRU\ F\WRNLQHV KDV UHSHDWHGO\ EHHQ GLVFXVVHG WR FDXVH D
UHGXFHG WU\SWRSKDQ DQG VHURWRQLQ DYDLODELOLW\ LQ GHSUHVVLYHGLVRUGHUV:H
KDYHSHUIRUPHGWKHH[SHULPHQWDOVHWWLQJRIDFXWH753GHSOHWLRQLQSDWLHQWV
VXIIHULQJIURP¿EURP\DOJLDPHDVXULQJWKHEORRGOHYHOVRI753K\GUR[











































,'2 LV LQYROYHG LQ WROHUDQFH LQGXFWLRQSUHYHQWLQJ UHMHFWLRQRI WKH IHWXV





























(VSHFLDOO\ LQ FKURQLF GHJHQHUDWLYH GLVRUGHUV ZLWK LPPXQH GHWHULRUDWLRQ
WKH LPSDFWRI WKH LPPXQHV\VWHPWRGLPLQLVK WU\SWRSKDQDYDLODELOLW\PD\
FDXVHQHXURSV\FKLDWULFV\PSWRPV/RQJHUGXUDWLRQRIWKHGLVHDVHZLOOFDXVH






























DQ LQFUHDVH LQEUDLQ ,'2DFWLYLW\ WKDWSHDNHGDWKSRVWLQMHFWLRQ%&*
LQRFXODWLRQFDXVHGDQLQFUHDVHLQFLUFXODWLQJOHYHOVRI,)1ȖDQGEUDLQ,'2
DFWLYLW\DWDQGGD\VSRVWLQMHFWLRQ,'2DFWLYLW\LQFUHDVHGPDLQO\
LQ WKHK\SRWKDODPXV VWULDWXPDQG IURQWDOFRUWH[RI/36WUHDWHGPLFHEXW
UHODWLYHO\ OLWWOH DFWLYLW\ZDV GHWHFWHG LQ WKH KLSSRFDPSXV DQG EUDLQ VWHP
7KHIRUPHUEUDLQVWUXFWXUHVZHUHWKHPRVWYDVFXODUL]HGEDVHGRQH[SUHVVLRQ
RI DQ HQGRWKHOLDO FHOOPDUNHU 3(&$0 ,PPXQRKLVWRFKHPLVWU\ DQDO\VLV
RIEUDLQ,'2LQ/36WUHDWHGPLFHFRQ¿UPHGWKDWPRVWRIWKHH[SUHVVLRQRI
,'2RFFXUUHGLQEUDLQHQGRWKHOLDOFHOOVZLWKVRPHH[WHQVLRQRIWKHODEHOOLQJ


















DQG FRJQLWLYH EHKDYLRUV +RZHYHU HYHQ WKH VLPSOH LQWHUDFWLRQV EHWZHHQ
WKHVHYDULDEOHVKDYHSURYHQUHVLVWDQWWRFRPPRQVXJJHVWLRQV,WLVRILQWHUHVW
WR HVWLPDWH WKH LQYROYHPHQW RI +7$+7$ UHFHSWRUV LQ WKH FRJQLWLYH
DQG DIIHFWLYH EHKDYLRUV RI K\SRHVWURJHQLF DQLPDO PRGHOV DGPLQLVWHUHG
HVWURJHQFRQFXUUHQWO\ZLWKKLJKVHOHFWLYHVHURWRQHUJLFOLJDQGV7KHSUHVHQW
ZRUNZDVGHYRWHGWRWKHFRPSDUDWLYHDQDO\VLVRIEHKDYLRULQRYDULHFWRPL]HG






0HWKRGV 7KH EHKDYLRU RI DQLPDOV ZHUH DVVHVVHG LQ SDVVLYH DQG DFWLYH
DYRLGDQFH WHVWV LQ0RUULVZDWHUPD]H LQ IRUFHG VZLP WHVW LQ RSHQ ¿HOG
WHVW DQG HOHYDWHG SOXV PD]H 7KH PHDVXUHPHQW RI IROOLWURSLQH OXWURSLQH





5HVXOWV ,Q SDVVLYH DYRLGDQFH WHVW LQ29; UDWV UHFHLYLQJ 2+'3$7RU
P&33 DORQH RU LQ FRPELQDWLRQZLWK ȕHVWUDGLRO WKH SDVVLYH DYRLGDQFH
UHVSRQVHZDVFRPSOHWHO\UHVWRUHGDVFRPSDUHGWRWKHFRQWURO,QWKHIRUFHG
VZLP WHVW 29; UDWV GHPRQVWUDWHG WKH HQKDQFHG WLPH LPPRELOLW\ 2+
'3$7 DORQH RU LQ FRPELQDWLRQZLWK ȕHVWUDGLRO VLJQL¿FDQWO\ GHFUHDVHG
WLPH LLPPRELOLW\ LQ 29; UDWV ZKLOH 1$1 DORQH RU LQ FRPELQDWLRQ
ZLWKȕHVWUDGLROVLJQL¿FDQWO\ LQFUHDVHG WLPH LPPRELOLW\DVFRPSDUHG WR





&RQFOXVLRQV 7KH GDWD LQGLFDWH WKH PRGXODWRU\ UROH RI +7$+7$
UHFHSWRUV LQ FRQWURO RI WKH FRJQLWLYH IXQFWLRQV DQG HQGRFULQH UHVSRQVH LQ
RYDULHFWRPL]HGIHPDOHUDWV7KHUHDFWLYLW\RIWKHFHQWUDOVHURWRQHUJLFV\VWHP
LVGLIIHUHQWLDOO\DIIHFWHGE\WKHKRUPRQDOFRQGLWLRQDQGWKHPHFKDQLVPRI
















3HULPHQRSDXVH WKH SHULRGPRVWO\ DVVRFLDWHGZLWK DQ LQFUHDVH LQ WKH UDWH




RQ HPRWLRQDO IXQFWLRQV DVZHOO DV D WKHUDSHXWLF HIIHFW RI WKH KRUPRQH LQ
PHQRSDXVDOGHSUHVVLRQ
7ZR WKHRULHV DWWHPSW WR H[SODLQ D SDWKRJHQLF PHFKDQLVP RI HVWURJHQ LQ
PHQRSDXVDO GHSUHVVLRQ 7KH PRVW SUHGRPLQDQW LV WKDW RI WKH ÄHVWURJHQ
ZLWKGUDZDO³

















WKHUDS\ PJ UHER[HWLQHGD\ DIWHUZHHNV LPSURYHGZLWKHVWURJHQ









5\EDNRZVNL - 5DMHZVND - 0HQRSDXVDO GHSUHVVLRQ +RUPRQDO DQG



































2EMHFWLYHV 7R DQDO\]H EUDLQ F)RV H[SUHVVLRQ DIWHU DFXWH DGPLQLVWUDWLRQ
RI ERWK QRUWULS\OLQH DQG GHVLSUDPLQH LQ VHYHUDO GRVHV LQ UDWV LQ RUGHU WR
LGHQWLI\ WKH SRVVLEOH H[LVWHQFH RI DQ LQYHUWHG 8VKDSHG GRVHGHSHQGHQW
FXUYHRIF)RVH[SUHVVLRQWKDWFRXOGKHOSWRH[SODLQWKHWKHUDSHXWLFZLQGRZ
REVHUYHGLQVHYHUDOFOLQLFDOVWXGLHV
0HWKRGV7KHH[SHULPHQWDODQLPDOV DGXOW:LVWDUPDOH UDWVZHUH WUHDWHG
ZLWK QRUWULSW\OLQH RU GHVLSUDPLQH    DQG  PJNJ LQMHFWHG LQ
WUDSHULWRQHDOO\ ZKHUHDV FRQWURO DQLPDOV UHFHLYHG LVRWRQLF VDOLQH VROXWLRQ
E\ WKH VDPH URXWH$W WKH HQG RI WKH H[SHULPHQW  K WKH DQLPDOVZHUH




















%HFN &+  $FXWH WUHDWPHQW ZLWK DQWLGHSUHVVDQW GUXJV VHOHFWLYHO\
LQFUHDVHVWKHH[SUHVVLRQRIFIRVLQWKHUDWEUDLQ-RXUQDORI3V\FKLDWU\DQG
1HXURVFLHQFH













2EMHFWLYHV $OWKRXJK WKH HIIHFWV RI DQWLGHSUHVVDQWV RQ JOXFRFRUWLFRLG
KRUPRQHVDQGWKHLUUHFHSWRUVDUHUHOHYDQWIRUWKHWKHUDSHXWLFDFWLRQRIWKHVH
GUXJVWKHPROHFXODUPHFKDQLVPVXQGHUO\LQJWKHVHHIIHFWVDUHXQFOHDU6WXG




















$FNQRZOHGJHPHQWV2XU UHVHDUFK LV IXQGHGE\ WKH8.0HGLFDO5HVHDUFK
&RXQFLO 05& WKH 1$56$' WKH (XURSHDQ &RPPLVVLRQ *(1'(3
PXOWLFHQWUHLQWHJUDWHGSURMHFWIXQGHGXQGHUWKH)UDPHZRUN3URJUDPPH






















0HWKRGV7KHVH VWXGLHVKDYH FRQVLVWHQWO\GHPRQVWUDWHG WKDW*5 IXQFWLRQ
LV LPSDLUHG LQPDMRU GHSUHVVLRQ UHVXOWLQJ LQ UHGXFHG*5PHGLDWHG QHJD









LQ WKH UHVSRQVH RI VDOLYDU\ FRUWLVRO WR SUHGQLVRORQH YV GH[DPHWKDVRQH








UHFHSWRUVPD\XQGHUOLH WKLV GLIIHUHQW SDWWHUQ RI VXSSUHVVLRQ3UHGQLVRORQH





PHFKDQLVP RI *5 VHQVLWLYLW\ DQG UHOHYDQFH IRU DIIHFWLYH GLVRUGHUV$FWD
1HXURSV\FKLDWULFD








,W LV QRZZHOO UHFRJQL]HG WKDW FKURQLF RU LQWHQVH DQ[LHW\PD\ WULJJHU GH









































SDLUHG ZLWK GUXJ H[SRVXUH 3KDUPDFRORJLFDO VWXGLHV KDYH GHPRQVWUDWHG
WKDW GRSDPLQH UHFHSWRUV SOD\ D UROH LQ ERWK WKH GLVFULPLQDWLYH VWLPXOXV
DQGUHZDUGLQJHIIHFWVRI0(7+,Q WKHSUHVHQWVWXG\ZH LQYHVWLJDWHG WKH
DQDWRPLFDOVXEVWUDWHVDQGWKHLQWUDFHOOXODUPHFKDQLVPVRIWKHGLVFULPLQDWLYH
VWLPXOXVDQGUHZDUGLQJHIIHFWVRI0(7+
0HWKRGV:H LQYHVWLJDWHG WKHGUXJGLVFULPLQDWLRQDVVRFLDWHG)RV H[SUHV
VLRQLQ WKHEUDLQVRIUDWV WUDLQHGWRGLVFULPLQDWH0(7+IURPVDOLQHXQGHU
DWZROHYHU¿[HGUDWLR)5VFKHGXOHRIIRRGUHLQIRUFHPHQW7KHUDWV
WKDW IXO¿OOHG WKHFULWHULD IRU OHDUQLQJ WKHGLVFULPLQDWLRQZHUHDQHVWKHWL]HG
DQG SHUIXVHG   IRUPDOGHK\GH  KU DIWHU WKH GUXJ GLVFULPLQDWLRQ WHVW
7KH UHZDUGLQJ HIIHFWV RI 0(7+ ZHUH HYDOXDWHG E\ XVLQJ D FRQGLWLRQHG
SODFH SUHIHUHQFH &33 SDUDGLJP0DOH UDWVZHUH JLYHQ0(7+ RU VDOLQH
IRUFRQGLWLRQLQJWRWKH&33WHVWDQGZHUHNLOOHGLPPHGLDWHO\DIWHUWKH&33
WHVW$FWLYDWLRQ RI YDULRXV VLJQDOLQJPROHFXOHVZDV H[DPLQHG E\:HVWHUQ
EORWWLQJ
5HVXOWV7KH)RVH[SUHVVLRQLQ WKHEUDLQVRIUDWV WKDWGLVFULPLQDWH0(7+





ZLWK WKH H[SUHVVLRQ LQ FRQWURO UDWV WKDWZHUHPDLQWDLQHGXQGHU WKH)5
VFKHGXOH7KHVH UHVXOWV VXJJHVW WKDW D UROH IRU WKH97$ DQG1$F DV SRV
VLEOH QHXURQDO VXEVWUDWHV LQ WKHGLVFULPLQDWLYH VWLPXOXV HIIHFWV RI0(7+
+\SHUSKRVSKRU\ODWLRQRIH[WUDFHOOXODUVLJQDOUHJXODWHGNLQDVH(5.
LQWKH1$FDQGVWUDWXPZDVIRXQGWREHDVVRFLDWHGZLWKWKHH[SUHVVLRQRI


















2EMHFWLYHV)DPLO\DQG WZLQ VWXGLHV VXJJHVWHG LPSRUWDQW UROHVRIJHQHWLF
IDFWRUVLQVXVFHSWLELOLW\RIVXEVWDQFHUHODWHGGLVRUGHUVVXFKDVPHWKDPSKHW
DPLQH0(7+UHODWHGGLVRUGHUV7KHPROHFXODUSKDUPDFRORJLFDOVWXGLHVRI






0HWKRGV '1$V IURP SDWLHQWV ZLWK0(7+UHODWHG GLVRUGHUV PDOHV
DQG IHPDOHV DQG FRQWUROVKDYHEHHQ FROOHFWHGE\ WKHPXOWLFHQWHUJH















&RQFOXVLRQV2XU UHVXOWV LQGLFDWH WKDW*$%$$ UHFHSWRUJDPPD VXEXQLW












*HQHV RI W3$3ODVPLQRJHQ 6\VWHP DQG -DSDQHVH 0HWKDPSKHWDPLQH5H
ODWHG'LVRUGHU$&ROODERUDWLYH6WXG\E\ WKH -DSDQHVH*HQHWLFV ,QLWLDWLYH
IRU'UXJ$EXVH$QQ1<$FDG6FL





















2EMHFWLYHV(VFDODWLQJ HYLGHQFH VXJJHVWV WKDW SHUR[LGDWLYH VWUHVV DQG F\
FORR[\JHQDVH&2;DUHLQYROYHGLQWKHGRSDPLQHUJLFWR[LFLW\:HDVNHG
ZKHWKHUGH¿FLHQF\RISHUR[LGHVFDYHQJHUVVXFKDVJOXWDWKLRQHSHUR[LGDVH
*3; DQG SHUR[\UHGR[LQ ,, 35; ,, SRWHQWLDWHPHWKDPSKHWPLQH 0$





R[LGDWLYH VWUHVV >IRUPDWLRQV LQ PDORQGLDOGHK\GH SURWHLQ FDUERQ\O DQG
UHDFWLYHR[\JHQVSHFLHV@ FKDQJHV LQ0$3NLQDVHVDQGJOLRVLV >JOLDO¿EULO
ODU\DFLGLFSURWHLQOLNHLPPXQRUHDFWLYLW\DQG0DFOLNHLPPXQRUHDFWLYLW\@
ZHUHH[DPLQHGXVLQJ*3;35;,,&2;DQG7+GH¿FLHQWPLFH











&RQFOXVLRQV2XU UHVXOWV VXJJHVW WKDW WKH*3;35; ,,&2; DQG7+
JHQHVDUHUHTXLUHGLQ0$LQGXFHGQHXURWR[LFVFHQDULRV
5HIHUHQFHV
%DOORX /5 HW DO  1RFLFHSWLQ LQ F\FORR[\JHQDVH LVR]\PHGH¿FLHQW
PLFH3URF1DWO$FDG6FL86$
.RED\DVKL.HWDO7DUJHWHGGLVUXSWLRQRIWKHW\URVLQHK\GUR[\ODVH
ORFXV UHVXOWV LQ VHYHUH FDWDFKRODPLQHGHSOHWLRQ DQG SHULQDWDO OHWKDOLW\ LQ
PLFH-%LRO&KHP
+R <6 HW DO  0LFH GH¿FLHQW LQ FHOOXODU JOXWDWKLRQH SHUR[LGDVH

























2EMHFWLYHV ,Q WKH FHQWUDO QHUYRXV V\VWHP WLVVXH SODVPLQRJHQ DFWLYDWRU
W3$SOD\VD UROH LQ V\QDSWLFSODVWLFLW\DQG UHPRGHOLQJ2XU UHFHQW VWXG\









H[SUHVVLRQ LQ WKH IURQWDO FRUWH[ QXFOHXV DFFXPEHQV 1$F VWULDWXP DQG
KLSSRFDPSXVZKHUHDV VLQJOH0(7+ WUHDWPHQW GLG QRW DIIHFW W3$P51$
H[SUHVVLRQLQWKHVHEUDLQDUHDV7KH0(7+LQGXFHGLQFUHDVHLQW3$P51$









&RQFOXVLRQV ,W LVGHPRQVWUDWHG WKDW UHSHDWHG0(7+ LQGXFHV W3$P51$
H[SUHVVLRQ DQG LQFUHDVHV WKH HQ]\PDWLF DFWLYLW\ LQ WKH EUDLQ DQG D GH¿



























5HVXOWV 1HXURQV QXFOHL DQG PLWRFKRQGULD DUH HQYHORSHG LQ ELOD\HU
PHPEUDQHV WKDWDUHSUHGRPLQDQWO\FRPSULVHGRISKRVSKROLSLGVZLWK ODUJH
FRQFHQWUDWLRQV RI HVVHQWLDO IDWW\ DFLGV (VVHQWLDO IDWW\ DFLGV FDQQRW EH
PDQXIDFWXUHGGHQRYRE\ WKHERG\DQGPXVWEH FRQVXPHG LQGLHW0HP
EUDQHFRPSRVLWLRQLVFULWLFDOIRUDEURDGUDQJHRISK\VLFRFKHPLFDOQHXURQDO
IXQFWLRQV LQFOXGLQJ UHFHSWRU ELQGLQJ QHXURWUDQVPLVVLRQ VLJQDO WUDQVGXF
WLRQ DQG SURVWDJODQGLQ V\QWKHVLV &URVVQDWLRQDO UHVHDUFK KDV IRXQG D
YDULHW\ RI DEQRUPDOLWLHV RI QHXURDFWLYH OLSLGVPHWDEROLVP LQ D QXPEHU RI




















































7KHDQLPDOVZHUH WHVWHGIRU670DQG/70DIWHU WUDLQLQJ ,QIXVLRQRI WKH
GLIIHUHQW3/$LQKLELWRUVLPSDLUHGERWK670DQG/70LQDGRVHGHSHQGHQW



















5HVXOWV0XFKRI WKH FOLQLFDO UHVHDUFK FRQGXFWHG LQ WKH¿HOG RI HVVHQWLDO
IDWW\ DFLGV FDQ EH FULWLFLVHG IRU PHWKRGRORJLFDO OLPLWDWLRQV 6DPSOHV DUH
JHQHUDOO\ VPDOO DQG VWXG\ GHVLJQV VRPHWLPHV ODFN WKH ULJRXU RIWHQ VHHQ
ZLWKPXOWLQDWLRQDOFOLQLFDOWULDOVVXSSRUWHGE\WKHSULYDWHVHFWRU+RZHYHU
WDNHQ WRJHWKHU WKHUH LV D JURZLQJERG\RI HYLGHQFH VXJJHVWLQJ LPSRUWDQW
UROHVVSHFL¿FDOO\IRU(3$LQPRRGGLVRUGHUVDQGVFKL]RSKUHQLD
&RQFOXVLRQV7KHUHLVSUHOLPLQDU\HYLGHQFHWKDWWRJG(3$LVDQHIIHF
WLYH VXSSOHPHQWDU\ WUHDWPHQW LQPDMRU GHSUHVVLYHGLVRUGHU DQG WR  JG










RI VFKRRO DJH FKLOGUHQ ,Q DGGLWLRQ WR WKH FRUH GH¿FLWV LQPRWRU IXQFWLRQ
'&' LV FRPPRQO\ DVVRFLDWHGZLWK GLI¿FXOWLHV LQ OHDUQLQJ EHKDYLRXU DQG





0HWKRGV $ UDQGRPLVHG GRXEOHEOLQG SODFHER FRQWUROOHG WULDO RI WUHDW
PHQWZLWK RPHJD DQG RPHJD IDWW\ DFLGVZDV FRQGXFWHG LQ '&'







VSHOOLQJ= SRYHUPRQWKVRI WUHDWPHQW LQSDUDOOHOJURXSV




















2EMHFWLYHV7R UHYLHZ WKH UDWLRQDOHDQGHYLGHQFHEDVH IRUXVLQJRPHJD
IDWW\DFLGVLQWKHWUHDWPHQWRIVFKL]RSKUHQLD
0HWKRGV/LWHUDWXUHUHYLHZ







DFLGV LQ WKH WUHDWPHQW RI VFKL]RSKUHQLD DQG ¿YH RI WKHVH KDYH UHSRUWHG
SRVLWLYH¿QGLQJVLQHLWKHUWKHSULPDU\RUVHFRQGDU\VWDWLVWLFDODQDO\VLV0RVW
VWXGLHVKDYHXVHGHLFRVDSHQWDHQRLFDFLG(3$
&RQFOXVLRQV 2PHJD IDWW\ DFLGV PD\ UHSUHVHQW D QHZ WKHUDSHXWLF DS












2EMHFWLYHV 1HDULQIUDUHG VSHFWURVFRS\ 1,56 LV D UHFHQWO\ GHYHORSHG
WHFKQRORJ\ WKDWPRQLWRUVFHUHEUDOEORRGYROXPHFKDQJHVQRQLQYDVLYHO\ LQ





0HWKRGV (OHYHQ SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU VHYHQWHHQ SD
WLHQWVZLWKELSRODUGLVRUGHUDQGWKHLUDJHDQGVH[PDWFKHGKHDOWK\VXEMHFWV








FKDQJHV IURP WKRVH LQ WKH FRQWURO JURXSGXULQJ WKHZRUGÀXHQF\ WDVN DO
WKRXJK WKHLU WDVNSHUIRUPDQFHVZHUHHTXDO WKHXQLSRODUGHSUHVVLRQJURXS
ZDV FKDUDFWHUL]HG E\ VPDOOHU >R[\+E@ LQFUHDVH DQG WKH ELSRODU GHSUHV
VLRQ JURXS E\ FRPSDUDEOH EXW GHOD\HG >R[\+E@ LQFUHDVH 7KH >R[\+E@
LQFUHDVHVZHUHQRWFRUUHODWHGZLWKGHSUHVVLYHV\PSWRPVDVVHVVHGXVLQJWKH
+DPLOWRQ'HSUHVVLRQ6FDOHRUDQWLGHSUHVVDQWGRVDJHV




RI IURQWDO OREH DFWLYDWLRQ DQG FDQ EH HPSOR\HG DV D FOLQLFDO PDUNHU IRU
GLDJQRVLVDQGWUHDWPHQWRIPRRGGLVRUGHUVLQWKHQHDUIXWXUH
5HIHUHQFHV













































&RQFOXVLRQV 7KLV VWXG\ UHYHDOHG VHWV RI JHQH H[SUHVVLRQV WKDW FRXOG
GLVWLQJXLVK GHSUHVVHG SDWLHQWV IURP FRQWUROV DV ZHOO DV WKRVH FOXVWHULQJ
WKH SDWLHQWV LQWR WZR JURXSV 7KHVH DOWHUDWLRQVZHUH GLIIHUHQW IURP WKRVH
REVHUYHG LQ YROXQWHHUV DIWHU VWUHVV RU WKRVH LQ SUHOLPLQDU\ VDPSOHV RI
SDWLHQWVZLWK VFKL]RSKUHQLD0HFKDQLVPVRI WKHDOWHUDWLRQ UHPDLQXQFOHDU
1HXURWUDQVPLWWHU HQGRFULQRORJLFDO DQG LPPXQRORJLFDO DEQRUPDOLWLHV DUH
WKRXJKW WR KDYH FRQWULEXWHG WR WKH DOWHUDWLRQ RI WKH H[SUHVVLRQ 6RPH RI
WKHDOWHUDWLRQPD\GLUHFWO\UHÀHFWLQWUDFHOOXODUDEQRUPDOLWLHVRIGHSUHVVLRQ
WKDWPLJKWEHSUHVHQWLQWKHOHXNRF\WHV7KHPLFURDUUD\PHWKRGKDVDJUHDW



















LQFUHDVHV LQ K\SRWKDODPLF &5) P51$ H[SUHVVLRQ DQG LQFUHDVHG &5)
FRQFHQWUDWLRQVDQGDUHGXFWLRQLQ&5)UHFHSWRUELQGLQJDQG&5)P51$
H[SUHVVLRQ LQ WKH FHUHEUDO FRUWH[ RI GHSUHVVHG VXLFLGH YLFWLPV0RUHRYHU
WUHDWPHQWVWKDWSUHFLSLWDWHGHSUHVVLRQVXFKDVWU\SWRSKDQGHSOHWLRQLQFUHDVH
&6) &5) FRQFHQWUDWLRQV 7KHVH GDWD WDNHQ WRJHWKHU ZLWK WKH UHVXOWV RI
SUHFOLQLFDOVWXGLHVGHPRQVWUDWLQJGHSUHVVRJHQLFHIIHFWVRI&5)DIWHUGLUHFW
&16 LQMHFWLRQ ĻDSSHWLWH ĻVOHHS ĹDQ[LHW\ VXSSRUW WKH K\SRWKHVLV WKDW
&5)K\SHUVHFUHWLRQFRQWULEXWHVWRWKHSDWKRSK\VLRORJ\RIPRRGGLVRUGHUV








2EMHFWLYHV 7KH FOLQLFDO HI¿FDF\ RI GUXJV WDUJHWLQJ WKH FHQWUDO QHUYRXV
V\VWHPFULWLFDOO\GHSHQGVRQWKHFRPSRXQGV¶DELOLW\WRSDVVWKHEORRGEUDLQ
EDUULHUZKLFKLVUHJXODWHGE\DFWLYHWUDQVSRUWHUPROHFXOHVVXFKDV$%&%
0'53JO\FRSURWHLQ 3JS2QHRI WKH UHDVRQV IRU DQRQO\SDUWLDO UH
VSRQVH RU UHIUDFWRULQHVV LV DQ LQVXI¿FLHQW LQWUDFHUHEUDO FRQFHQWUDWLRQ:H
K\SRWKHVL]HG WKDW JHQHWLF YDULDELOLW\ LQ$%&% LQÀXHQFH WKH UHVSRQVH WR




DQWLGHSUHVVDQWVZHUH VXEVWUDWHV RI 3JS IROORZLQJ VXEFKURQLF DGPLQLVWUD
WLRQ:H WKDQ JHQRW\SHG  VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V LQ
$%&%LQGHSUHVVHGLQSDWLHQWVWUHDWHGZLWKDQWLGHSUHVVDQWVDQGWHVWHG
IRUDVVRFLDWLRQVZLWKWUHDWPHQWUHVSRQVH
5HVXOWV7KHDQLPDOH[SHULPHQWVVKRZHG WKDW WKH LQWUDFHUHEUDOFRQFHQWUD
WLRQVRIVRPHEXWQRWDOODQWLGHSUHVVDQWVZHUHUHJXODWHGE\3JO\FRSURWHLQ
,Q WKH KXPDQJHQHWLFV VWXGLHV WKHUHZDV DQ DVVRFLDWLRQ RI$%&%613V
ZLWK UHPLVVLRQ VWDWXV DIWHU  ZHHNV RI DQWLGHSUHVVDQW WUHDWPHQW 7KLV
DVVRFLDWLRQ ZDV SUHVHQW LQ SDWLHQWV WUHDWHG ZLWK DQWLGHSUHVVDQWV WKDW DUH
VXEVWUDWHVRI3JSEXWQRWLQSDWLHQWVWUHDWHGZLWKDQWLGHSUHVVDQWVWKDWDUH
QRWVXEVWUDWHVRI3JS
&RQFOXVLRQV 2XU ¿QGLQJV LQGLFDWH WKDW SRO\PRUSKLVPV LQ$%&% LQÀX
HQFHLQWUDFHUHEUDOFRQFHQWUDWLRQVRIDQWLGHSUHVVDQWVDQGE\WKDWUHVSRQVHWR
WUHDWPHQW*HQRW\SLQJ$%&%SRO\PRUSKLVPVPD\ WKXVKHOS WRRSWLPL]H













,Q VSLWHRI WKHVH¿QGLQJVZKLFKDUHZHOONQRZQ WR H[SHULHQFHGFOLQLFLDQV
DODUJHQXPEHURIHIIRUWVWR¿QGQHZWHFKQLTXHVIRUEUDLQVWLPXODWLRQKDYH
EHHQPDGH GXULQJ WKH ODVW WZR GHFDGHV (VSHFLDOO\ UHSHWLWLYH WUDQVFUDQLDO
PDJQHWLFVWLPXODWLRQU706KDVEHHQVWXGLHG$VWURQJPRWLYDWLRQIRUWKH
















(&7 IRXQG WKH WZR WUHDWPHQWPRGDOLWLHV HTXDOO\ HIIHFWLYH \HW RQHRI WKH









FKDQJHV LQ QHXURWUDQVPLWWHU DQG QHXURPRGXODWRU V\VWHPV$PDMRU GLIIHU
HQFHEHWZHHQ706DQG(&6LVWKHLQÀXHQFHRQWKHKLSSRFDPSDOFRPSOH[
(VSHFLDOO\WKHHIIHFWVRQLPPHGLDWHHDUO\JHQHVQHXURJHQHVLVDQGKLSSRF






PHQW PLJKW H[SODLQ ZHDNHU HYLGHQFH IRU HI¿FDF\ LQ VRPH VWXGLHV ,W LV













SUHIURQWDO U706PRGXODWHV QHXURQDO FLUFXLWV LQYROYHG LQ WKH SDWKRSK\VL













FRPSDUHG WR QRUPDO DQWLGHSUHVVDQW WUHDWPHQW SURWRFROV /DUJHU SODFHER
FRQWUROOHG FOLQLFDO WULDOV LQYHVWLJDWLQJ ORQJHU WUHDWPHQW SHULRGVZKLFK DUH




GHSUHVVDQW SKDUPDFRWKHUDS\SV\FKRWKHUDS\ SULRU WRPRUH LQYDVLYHPHDQV















0XOHUW & 5XSSUHFKW 50|OOHU +- +HJHUO 8 3DGEHUJ )  1HXUR
ELRORJLFDOHIIHFWVRISUHIURQWDOU706LQPDMRUGHSUHVVLRQ$>,@,%=0














SKDUPDFRUHVLVWDQW SDUWLDO RQVHW VHL]XUHV9DJXV QHUYH VWLPXODWLRQ WKHUDS\
KDV DOVR UHFHQWO\ VKRZQ DQWLGHSUHVVDQW HIIHFWV LQ SDWLHQWVZLWK WUHDWPHQW
UHVLVWDQWGHSUHVVLRQ+RZHYHUTXHVWLRQVUHPDLQUHJDUGLQJHIIHFWLYHQHVVDQG
H[DFWDQWLGHSUHVVDQWPRGHRIDFWLRQ
0HWKRGV ,Q WKLV FRPPXQLFDWLRQ ZH ZLOO SUHVHQW D VKRUW RYHUYLHZ RQ
WKH DFXWH DQG ORQJWHUP HIIHFWLYHQHVV DQG DGYHUVH HYHQWV RI YDJXV QHUYH
VWLPXODWLRQ DQG ZLOO GLVFXVV WKH PDMRU VWXGLHV VXSSRUWLQJ LWV HIIHFWV LQ
SDWLHQWVZLWKPDMRUGHSUHVVLRQ)LQDOO\ZHZLOOSUHVHQWGDWDIURPDVWXG\
LQYHVWLJDWLQJ PRWRU FRUWH[ H[FLWDELOLW\ LQ GHSUHVVLYH SDWLHQWV DIWHU YDJXV
QHUYHVWLPXODWLRQ
5HVXOWV9DJXVQHUYHVWLPXODWLRQLVDQRYHO WUHDWPHQWIRUPIRUGHSUHVVLYH
SDWLHQWVZLWK D GLIIHUHQWPRGH RI DFWLRQ2XU GDWD VXJJHVW WKDW ORQJ WHUP
916PD\OHDGWRDQLQFUHDVHRIFRUWLFDOLQKLELWLRQ
&RQFOXVLRQV7KHVHGDWDVXJJHVW WKDW LQKLELWRU\SDWKZD\VDUH LQYROYHG LQ













6HOHFWLYH+7$DJRQLVWV LQGLFDWHGD UROH IRU WKH+7$ UHFHSWRU LQ WKH
SDWKRSK\VLRORJ\RIDQ[LHW\GLVRUGHUVRQWKHEDVLVRIDQLPDODVZHOODVKX
PDQ VWXGLHV 3(7 VWXGLHV SRLQWHG WR D GRZQUHJXODWLRQ RI WKH UHFHSWRU LQ
SDQLF GLVRUGHU 7KH +7$ NQRFNRXWPRXVH VXEVHTXHQWO\ ZDV VKRZQ WR
EHPRUH DQ[LRXV WKDQ LWV ZLOGW\SH FRXQWHUSDUW$XWRSV\ VWXGLHV SURYLGHG
HYLGHQFH IRUD UROHRI IURQWDO+7$ UHFHSWRUV LQ WKHSDWKRSK\VLRORJ\RI





7KH KXPDQ +7$ UHFHSWRU JHQH ZDV FKDUDFWHUL]HG 6HYHUDO SRO\PRU
SKLVPV KDYH EHHQ GHVFULEHG2QH RI WKHP LQ WKH SURPRWRU UHJLRQ RI WKH








FRQFHQWUDWLRQV LVVXSSRVHG WREHDQHXURSURWHFWLYHDQG LQKLJKFRQFHQWUD
WLRQVWREHDQHXURWR[LFVXEVWDQFH6EOHYHOVKDYHEHHQIRXQGLQFUHDVHG
LQERWKVFKL]RSKUHQLDDQGPHODQFKROLFGHSUHVVLRQ




5RWKH& HW DO$VVRFLDWLRQ RI WKH IXQFWLRQDO ±&!*+7$ UHFHSWRU
JHQH SRO\PRUSKLVP ZLWK SDQLF GLVRUGHU ZLWK DJRUDSKRELD ,QWHUQDWLRQDO
-RXUQDORI1HXURSV\FKRSKDUPDFRORJ\
6WUREHO$ HW DO$OOHOLF YDULDWLRQ RI VHURWRQLQ UHFHSWRU $ IXQFWLRQ LV DV
VRFLDWHGZLWKDQ[LHW\DQGGHSUHVVLRQUHODWHG WUDLWV -1HXUDO7UDQVP









7KH KLJKDI¿QLW\ VHURWRQLQ WUDQVSRUWHU +77 UHJXODWHV VHURWRQHUJLF
QHXURWUDQVPLVVLRQE\PHGLDWLQJWKHUHXSWDNHRIVHURWRQLQIURPWKHV\QDSWLF
FOHIW$ JURXS RI RWKHU WUDQVSRUWHUV DOVRPHGLDWH ORZDI¿QLW\ WUDQVSRUW RI





LQWR OLYHU DQG NLGQH\ IRUPHWDEROLVP DQG H[FUHWLRQ RI WKH GUXJV )LQDOO\
SRO\PRUSKLFJHQHWLFYDULDQWVRI2&7VWKDWVHYHUHO\DIIHFWWUDQVSRUWDFWLYLW\







6HYHUDO OLQHVRI HYLGHQFH LPSOLFDWH VHURWRQLQ +7 LQSV\FKLDWULFGLVRU
GHUV6HURWRQHUJLFQHXURQVWKDWRULJLQDWHLQWKHGRUVDOUDSKHQXFOHXV'5
LQQHUYDWH WKH FRUWH[ DQG WKH OLPELF V\VWHP HVSHFLDOO\ WKH KLSSRFDPSXV
DQG WKH DP\JGDOD DQG WKURXJK WKHVH SURMHFWLRQV DUH WKRXJKW WR UHJXODWH
FRJQLWLRQ DQG EHKDYLRU &OLQLFDO DQG SKDUPDFRORJLFDO ¿QGLQJV LPSOLFDWH
G\VIXQFWLRQVRIWKHVHURWRQHUJLFV\VWHPLQDQ[LHW\GHSUHVVLRQDQGVXLFLGH
$OWKRXJK WKH'5 LV RIWHQ FRQVLGHUHG LQ OLJKW RI LWV +7QHXURQV UHFHQW








DXWRQRPLF EHKDYLRUDO DQG LPPXQH UHVSRQVHV WR VWUHVV DQG DOVR DFWV DV D
QHXURWUDQVPLWWHURUQHXURPRGXODWRULQWKHDP\JGDOD'5KLSSRFDPSXVDQG
ORFXV FRHUXOHXV WR LQWHJUDWH EUDLQPXOWLV\VWHP UHVSRQVHV WR VWUHVV0LFH
GH¿FLHQWLQHLWKHU&5)UHFHSWRU&5)5RU&5)5GHPRQVWUDWHWKHFULWL
FDOUROHWKHVHUHFHSWRUVSOD\&5)NQRFNRXWPLFHKDYHDQLPSDLUHGVWUHVV













PRWRU LQVHQVLYLW\ WRPHWK\OHQHGLR[\PHWKDPSKHWDPLQHÄ(FVWDV\³ LQ
VHURWRQLQWUDQVSRUWHUGH¿FLHQWPLFH0RO3KDUPDFRO
















NH\ SURWHLQV RI WKH VHURWRQHUJLF V\VWHP LQFOXGLQJ WU\SWRSKDQK\GUR[\
ODVH 73+ WKH GHFLVLYH HQ]\PH LQ VHURWRQLQ SURGXFWLRQ ,Q DGGLWLRQZH
VFUHHQHGIRU+7UHFHSWRUVDQGWKHVHURWRQLQWUDQVSRUWHU+77E\57




RUGHU WR LQYHVWLJDWH WKH LPSDFW RI +7 RQ SUROLIHUDWLRQ 7KHVH DQLPDOV
UHSUHVHQW DQ DUWL¿FLDOO\ K\HUSHUVHURWRQHUJLF HQYLURQPHQW VLQFH DYDLODEOH
+7LVQRWWDNHQEDFNLQWRWKHSUHV\QDSWLFQHXURQ
















QRUHSLQHSKULQH 1(DQGGRSDPLQHEXWJUHDWO\HQKDQFHG VHURWRQLQ +7
OHYHOVWKDWLPSDLUWKHGHYHORSPHQWRIVHQVRU\PDSVE\RYHUDFWLYDWLQJ+7%










0HWKRGV0$2$.2RIERWK VH[HV UHFHLYHGGDLO\ LQMHFWLRQVRI3&3$DW
33 33 33 RU 33 8VLQJ FKURPDWRJUDSK\ ZH PHDVXUHG
WKH HIIHFWV RI QHRQDWDO 3&3$ RQ EUDLQPRQRDPLQHV GXULQJ WUHDWPHQW DQG
LQ DGXOWV:H DVVHVVHG DJJUHVVLRQ DW 3 DQG EHWZHHQ 3 DQG 3 LQ









WUDWLRQVRIPRQRDPLQHV LQ DGXOWVZHUHQRWPRGL¿HGE\ WKH333&3$
WUHDWPHQW8QWUHDWHG+77.2VGLVSOD\HGDEHKDYLRUDOSKHQRW\SHRSSRVLWH
WRWKDWRI0$2$.2VZLWKORZDJJUHVVLRQZKHUHDV0$2$+77'.2V
ZHUH PRVW DJJUHVVLYH +7$ .2V VKRZHG DQ[LHW\ DQG ORZ DJJUHVVLRQ




&RQFOXVLRQV 7KH ORQJWHUP DQWLDJJUHVVLYH HIIHFWV RI WKH 33 3&3$
WUHDWPHQWVXJJHVWWKDWLQFUHDVHG+7FRQFHQWUDWLRQVGXULQJHDUO\SRVWQDWDO
GHYHORSPHQW LQ0$2$.2V FRQWULEXWH WR OLIHORQJ HQKDQFHG DJJUHVVLRQ




















2EMHFWLYHV 7R LQYHVWLJDWH JHQHWLF YDULDWLRQ LQ WKH QHXURWUDQVPLWWHU DQG
DSSHWLWHHQHUJ\IDWUHJXODWLQJV\VWHPLQDQWLSV\FKRWLFLQGXFHGZHLJKWJDLQ
0HWKRGV $ SRSXODWLRQ RI  FKURQLF VFKL]RSKUHQLF SDWLHQWV GHULYLQJ










JDLQ )> @    S    6WDWLVWLFDO WUHQGVZHUH IRXQGZLWK WKH
*7QUHSHDWDQGWKH9DO0HWSRO\PRUSKLVPRIWKH%'1)JHQH)>@
 S DQG)>@ S 
&RQFOXVLRQV 2XU SUHOLPLQDU\ UHVXOWV LQGLFDWH WKDW DQWLSV\FKRWLF LQGXFHG
ZHLJKWJDLQPD\GHSHQGRQJHQHWLFYDULDQWVWKDWPRGXODWHQHXURWUDQVPLWWHU
UHOHDVHWKURXJK61$3DVVRFLDWHGSUHV\QDSWLFYHVLFOHWUDI¿FNLQJHQHUJ\
EDODQFH WKURXJK WKH0&5%'1) D[LV DQG ERG\ IDW UHJXODWLRQ WKURXJK
OHSWLQ UHJXODWLRQ7KH DVVRFLDWLRQZLWK OHSWLQ LV SDUWLFXODUO\ LQWHUHVWLQJ DV
WKLVUHVXOWLVLQDFFRUGDQFHZLWKUHFHQW¿QGLQJVIURPDQLQGHSHQGHQWVDPSOH


















FDOFXODWHG WKH KDSORW\SH IUHTXHQFLHV LQ ELSRODU SDWLHQWVZLWK DQGZLWKRXW














2EMHFWLYHV 7KH  &7 VLQJOH QXFOHRWLGH SRO\PRUSKLVP 613 LQ
&ORFN JHQH DQG &7 613 LQ *SURWHLQ EHWD  VXEXQLW JHQH *1%
KDYHEHHQLPSOLFDWHGWREHDVVRFLDWHGZLWKWKHGLXUQDOSUHIHUHQFH)RUWKLV
VWXG\ZH KDYH LQYHVWLJDWHG WKH SRVVLEOH DVVRFLDWLRQ EHWZHHQ&ORFN JHQH
SRO\PRUSKLVPDQG*1%SRO\PRUSKLVPDQGGLXUQDOSUHIHUHQFHLQQRUPDO
SRSXODWLRQ






JHQH DQG  &7 613 LQ *1%ZHUH VLJQL¿FDQWO\ RQ WRWDO &60 VFRUH





 &7 613 KDYH DQ JHQHJHQH LQWHUDFWLRQ RQ GLXUQDO SUHIHUHQFH 7KH



























 JHQHV LGHQWL¿HG  JHQHV VKRZHG IROG RU JUHDWHU GLIIHUHQFH LQ














*HQHWLF UHVHDUFK LQWR WKH FDXVH RI VFKL]RSKUHQLD KDV JHQHUDWHG D ODUJH
QXPEHU RI SXWDWLYH FKURPRVRPDO ORFL DQG FDQGLGDWH JHQHV EXW GH¿QLWLYH
VXVFHSWLELOLW\ JHQHV KDYH QRW EHHQ IRXQG 0DQ\ IDFWRUV FRPSOLFDWH WKH























,W LV ZHOO NQRZQ WKDW VHURWRQLQ VHUYHV DV D QHXURWUDQVPLWWHU LQ WKH DGXOW
EUDLQ RIPDPPHOVZKHUH LW LV WKH GRPLQDQW QHXURWUDQVPLWWHU RI WKH QHX
URQVRULJLQDWLQJLQWKHQXFOHLUDSKHDQGSUHMHFWLQJWRDOOPDMRUDUHDVRIWKH
EUDLQ%XW VHURWRQLQ DOVR IXQFWLRQV GXULQJ WKH HPEU\RQDO GHYHORSPHQW DV
DQHXURWURSKLQLQÀXHQFLQJWKHGHYHORSPHQWDOVWDJHVRIQHXURSUROLIHUDWLRQ
QHXURGLIIHUHQWLDWLRQDQGV\QDSVHIRUPDWLRQ8SWRQRZLW LVQRWNQRZQE\
ZKLFKVHURWRQLQ UHFHSWRUH[SUHVVLRQV WKHVHFRQVHFXWLYH VWDJHVDUHJXLGHG
EXW WKHUH LVHYLGHQFH WKDW WKH+7$UHFHSWRUDQG WKH+7$UHFHSWRUDUH
KLJKO\ LQYROYHG ,QH[SHULPHQWDOPRGHOVRIQHXURGHJHQHUDWLRQDQGQHXUR










UROHRI VHURWRQLQ LQKLSSRFDPSDO JUDQXOH FHOO OD\HURI WKHGHQWDWHJ\UXV
SUROLIHUDWLRQPHDVXUHGZLWK%UG8LPPXQRODEHOLQJLQWKHEUDLQVRIDGXOW
PLFH DQG UDWV7KH VWXGLHV KDYH LQYROYHG ERWK GLUHFW HJ DGPLQLVWUDWLRQ
RI VHURWRQHUJLFGUXJVDQG LQGLUHFW HJ WKH VOHHSZDNHF\FOH FKDQJHV LQ
VHURWRQHUJLFQHXURWUDQVPLVVLRQ
,Q RXU LQLWLDO VWXGLHV LQ UDWV ZH H[DPLQHG WKH HIIHFWV RI GUDPDWLFDOO\
LQFUHDVLQJEUDLQ OHYHOVRI VHURWRQLQZLWK DFXWH V\VWHPLFDGPLQLVWUDWLRQRI
GIHQIXUDPLQH7KLVSURGXFHGDGRXEOLQJRU WULSOLQJRISUROLIHUDWLQJFHOOV
$VLPLODUEXWVPDOOHULQFUHDVHZDVSURGXFHGE\DGPLQLVWUDWLRQRIWKHVHUR
WRQLQ ,$ DJRQLVW 2+'3$77KHVH HIIHFWVZHUH FRPSOHWHO\ DQWDJRQL]HG
E\SULRU DGPLQLVWUDWLRQRI D VSHFL¿F$DQWDJRQLVW DQG DGPLQLVWUDWLRQRI
WKUHHGLIIHUHQW,$DQWDJRQLVWVDOOGHFUHDVHGWKHEDVDOOHYHORIFHOOSUROLIHUD
WLRQ7KHVH VWXGLHVZHUH IROORZHGXSE\H[DPLQLQJ WKHHIIHFWVRI FKURQLF
DGPLQLVWUDWLRQRI WKH665,ÀXR[HWLQHZKLFKDOVR LQFUHDVHGSUROLIHUDWLRQ




























PLWWHUUHFHSWRU LQWHUDFWLRQ EXW LQYROYH VHYHUDO VLJQDOOLQJ FDVFDGHVZKLFK



































* $JHGHSHQGHQW H[SUHVVLRQRI JOXFRFRUWLFRLG DQGPLQHUDORFRU
WLFRLG UHFHSWRUV RQ QHXUDO SUHFXUVRU FHOO SRSXODWLRQV LQ WKH DGXOW PXULQH
KLSSRFDPSXV$JLQJ&HOO
.HPSHUPDQQ* -HVVEHUJHU 6 6WHLQHU% DQG.URQHQEHUJ* 
0LOHVWRQHV RI QHXURQDO GHYHORSPHQW LQ WKH DGXOW KLSSRFDPSXV 7UHQGV
1HXURVFL
.HPSHUPDQQ * DQG .URQHQEHUJ *  'HSUHVVHG QHZ QHXURQV"








2EMHFWLYHV (FVWDV\ PHWK\OHQHGLR[\PHWKDPSKHWDPLQH  0'0$ LV
D VHURWRQHUJLFQHXURWR[LQ LQDQLPDOVDQGSRVVLEO\ LQKXPDQV(FVWDV\XV











GLQDO VWXG\ZH SHUIRUPHG I05, H[SHULPHQWV XVLQJZRUNLQJPHPRU\ DQG
PHPRU\DFWLYDWLRQSDUDGLJPV
5HVXOWV7KH GDWD LQGLFDWH WKDW FDQQDELV UDWKHU WKDQ HFVWDV\ XVH SOD\V D
PDMRU UROH LQ WKH GHYHORSPHQW RI SV\FKRSDWKRORJLFDO PDQLIHVWDWLRQV LQ
XVHUSRSXODWLRQV ,QFRQWUDVWQHXURFRJQLWLYHGH¿FLWVSDUWLFXODUO\ OHDUQLQJ
DQG PHPRU\ LPSDLUPHQWV ZHUH FORVHO\ UHODWHG WR WKH H[WHQW RI SUHYL
RXV HFVWDV\ XVH 7KH I05, VWXGLHV GHPRQVWUDWHG GRVHGHSHQGHQW KLJKHU
SDULHWDO DFWLYDWLRQGXULQJDZRUNLQJPHPRU\ WDVNDQG ORZHUKLSSRFDPSDO
DFWLYDWLRQGXULQJDQDVVRFLDWLYHOHDUQLQJWDVNLQHFVWDV\XVHUVFRPSDUHGWR
FRQWUROV+RZHYHURXUORQJLWXGLQDOVWXG\IDLOHGWRVKRZVLJQL¿FDQWFRJQL
WLYH LPSURYHPHQW DIWHU SURORQJHG DEVWLQHQFHRU IXUWKHU GHWHULRUDWLRQZLWK
FRQWLQXHGXVHRIHFVWDV\
&RQFOXVLRQV&RJQLWLYH LPSDLUPHQW EXW QRW SV\FKRSDWKRORJLFDOPDQLIHV
WDWLRQV DUHFORVHO\ UHODWHG WR WKHH[WHQWRISUHYLRXVHFVWDV\XVH DQGPD\
WKHUHIRUH EH D FRQVHTXHQFH RI UHVLGXDO VHURWRQHUJLF QHXURWR[LFLW\ E\ WKLV
GUXJ +RZHYHU YDULRXV PHWKRGRORJLFDO SUREOHPV LQ RSHQ¿HOG VWXGLHV
ZLWKXVHUSRSXODWLRQV LQFOXGLQJ WKHXQNQRZQ³SUHGUXJVWDWXV´ WKHFRP
PRQSRO\GUXJXVHSDWWHUQVDQGRWKHUXQVSHFL¿FIDFWRUVHJJHQHUDOKHDOWK
EHKDYLRXUDOWHUHGVOHHSSDWWHUQVPDNHLWGLI¿FXOWWRGUDZ¿UPFRQFOXVLRQV




















2EMHFWLYHV 6HURWRQLQ WUDQVSRUWHU SURPRWHU SRO\PRUSKLVP +77/35














DPRQJ H[SHULPHQWHUV FRPSDUHG ZLWK DEVWLQHQW VXEMHFWV S    7KH
RGGV UDWLR IRU WKH66JHQRW\SHYV WKH ORQJORQJ //JHQRW\SH IUHTXHQF\
ZDV &O ZKHQ H[SHULPHQWHUVZHUH FRPSDUHGZLWK
DEVWLQHQW VWXGHQWV 7KH 66 JHQRW\SH IUHTXHQF\ ZDV VLJQL¿FDQWO\ KLJKHU














*HUUD *  $VVRFLDWLRQ EHWZHHQ ORZ DFWLYLW\ VHURWRQLQ WUDQVSRUWHU






















VWXG\ FRQVLVWHG RI PHQ DQG ZRPHQ GLDJQRVHG DV DOFRKROGHSHQGHQW DOO
KRVSLWDOL]HGEHFDXVHRIVHYHUHPHGLFDOFRQVHTXHQFHVRISHUVLVWHQWDOFRKRO
FRQVXPSWLRQ 3DWLHQWV FRPSOHWHG WKH 'ULQNLQJ ([SHFWDQF\ 3UR¿OH '(3
DQG WKH 'ULQNLQJ 5HIXVDO 6HOI(I¿FDF\ '56( '5' DQG *$%$$
UHFHSWRUȕVXEXQLW*$%5%SRO\PRUSKLVPVZHUHGHWHUPLQHG
5HVXOWV7KH¿UVW VWXG\ VKRZHG WKDW1RYHOW\6HHNLQJ 16 VFRUH RI WKH
734ZDVVLJQL¿FDQWO\KLJKHU LQER\VKDYLQJ LQFRPPRQDOO WKUHHPLQRU
DOOHOHV $ % DQG ,QWURQ   RI WKH '5' FRPSDUHG WR ER\V ZLWKRXW
DQ\RI WKHVH DOOHOHV%R\VZLWK WKH'5' UHSHDW 5 DOOHOH DOVRKDG D
VLJQL¿FDQWO\KLJKHU16VFRUH WKDQ WKRVHZLWKRXW WKLV DOOHOH+RZHYHU WKH
JUHDWHVWGLIIHUHQFHLQ16VFRUHZDVIRXQGZKHQER\VKDYLQJDOOWKUHHPLQRU
'5'DOOHOHVDQGWKH'5'5DOOHOHZHUHFRQWUDVWHGWRWKRVHZLWKRXWDQ\
RI WKHVHDOOHOHV ,Q VXPYDULDWLRQV LQ WKH'5'DQG WKH'5'JHQHVDUH
PRVW VWURQJO\ DVVRFLDWHG ZLWK 16 D SHUVRQDOLW\ IDFWRU SUHYLRXVO\ IRXQG
WR EH DVVRFLDWHG ZLWK VHYHUH DOFRKROLVP DQG K\SRWKHVL]HG WR LQYROYH WKH
GRSDPLQHV\VWHP







UHVLGH LQDQRQDOFRKROLFKRPH WKDQZKHQ WKHGRQRW ,QVXP WKHSUHVHQW




* DOOHOH FRPSDUHG WR WKRVH ZLWKRXW WKLV DOOHOH KDG VLJQL¿FDQWO\ ORZHU
'56(LQVLWXDWLRQVRIVRFLDOSUHVVXUH0RUHRYHUSDWLHQWVZLWKWKH*$%5%
*DOOHOH VKRZHGVWURQJHU$( UHODWLQJ WRQHJDWLYHDIIHFWLYHFKDQJH HJ
LQFUHDVHGGHSUHVVLRQWKDQWKHLUFRXQWHUSDUWVZKRGLGQRWKDYHWKLVDOOHOH
&RQFOXVLRQV,WKDVEHHQVKRZQSUHYLRXVO\WKDWYDULDQWVRIWKH'5'JHQH
DQG WKH *$%55% JHQH DUH DVVRFLDWHG ZLWK DOFRKROLVP 7KH SUHVHQW
VWXGLHV VKRZ WKDW WKLV DVVRFLDWLRQ LV OLQNHG WKURXJK FHUWDLQ SHUVRQDOLW\
EHKDYLRUDOIDFWRUV
5HIHUHQFHV

































RI DOFRKROLFV HJ%DERU W\SH$% DQG DUH VXEMHFW WR VLJQL¿FDQW JHQHWLF
LQÀXHQFH ,WKDVEHHQVXJJHVWHG WKDW WHPSHUDPHQW WUDLWVDUH LQÀXHQFHGE\
VHYHUDOQHXURWUDQVPLWWHUV\VWHPVLQFOXGLQJWKHQRUDGUHQHUJLFVHURWRQHUJLF
DQGGRSDPLQHUJLFV\VWHPV7KHDLPRIWKLVDQDO\VLVLVWRFRQ¿UPGLIIHUHQFHV
RI WHPSHUDPHQW WUDLWVEHWZHHQ7\SH$%DOFRKROLFVXEMHFWVDQGDVVHVV WKH
LQÀXHQFHRIVHYHUDOJHQHWLFYDULDQWVRIFDQGLGDWHQHXURWUDQVPLWWHUV\VWHPV
SRWHQWLDOO\ LQYROYHG LQ WKH HWLRORJ\ RI WHPSHUDPHQW WUDLWV VHURWRQHUJLF
+7% GRSDPLQHUJLF '5' QRUDGUHQHUJLF 1(7 DQG RSLRLGHUJLF
2350V\VWHPV






DFFRUGLQJ WR W\SH$ RU% LI WKH\PHW WKUHH RUPRUH RI WKH GLFKRWRPL]HG
VFRUHVFULWHULDXSSHUKDOI W\SH%ORZHUKDOIW\SH$7HPSHUDPHQWWUDLWV
ZHUHDVVHVVHGXVLQJ WKH7HPSHUDPHQWDQG&KDUDFWHU ,QYHQWRU\ 7&,$O
OHOHVRIFDQGLGDWHJHQHVZHUHGHWHUPLQHGE\3&5
5HVXOWV+LJKHU 6FRUHV RI QRYHOW\ VHHNLQJ DQG KDUP DYRLGDQFHZHUH GH
WHFWHG LQ W\SH % DOFRKROGHSHQGHQW VXEMHFWV 6LJQL¿FDQW LQÀXHQFHV ZHUH
GHWHFWHGIURP'5'2350DQG+7%JHQHWLFYDULDQWVRQQRYHOW\VHHNLQJ
DQGUHZDUGGHSHQGHQFHZKLFKZHUHPRUHSURQRXQFHGLQW\SH$DOFRKROLFV








7KH JHQH FRGLQJ IRU WKH GRSDPLQH UHFHSWRU' LV FRQVLGHUHG DV DPDMRU
FDQGLGDWHJHQH LQYDULRXVDGGLFWLYHGLVRUGHUV$VVRFLDWLRQVWXGLHV LQDOFR







IUHTXHQWO\ KHWHUR]\JRXV WKDQ ERWK DOFRKROGHSHQGHQW SDWLHQWV ZLWK ORZHU















PDMRU QHXURFKHPLFDO LPEDODQFHV DQ H[FHVV RI VXEFRUWLFDO GRSDPLQHUJLF
WUDQVPLVVLRQDWWKH'UHFHSWRUDQGDGH¿FLHQF\RIJOXWDPDWHWUDQVPLVVLRQ
DWWKH10'$UHFHSWRU
(YLGHQFH IRU D GRSDPLQHUJLF H[FHVV GHULYHV IURP WKH ' DQWDJRQLVP RI
DQWLSV\FKRWLFV DQG WKH SV\FKRWRJHQLF HIIHFWV RI VXVWDLQHG H[SRVXUH WR
GRSDPLQHHQKDQFLQJGUXJVVXFKDVDPSKHWDPLQH7KLVH[FHVVGRSDPLQHUJLF
DFWLYLW\ KDV UHFHQWO\ EHHQGLUHFWO\ FRQ¿UPHGE\ D QXPEHU RI EUDLQ LPDJ








5HFHQW DGYDQFHV LQ LPDJLQJ VWXGLHV HQDEOH EULGJLQJ WKH GRSDPLQH DQG





PLQHLQGXFHG '$ UHOHDVH  DFXWH DGPLQLVWUDWLRQ RI P*/8U  DJRQLVWV
KDVVLPLODUHIIHFWRQDPSKHWDPLQHLQGXFHG'$UHOHDVH7KHVHGDWDVXJJHVW
WKDWVWLPXODWHG'$DFWLYLW\LVQRUPDOO\XQGHUFRQWURORID10'$PHGLDWHG
LQKLELWRU\ LQÀXHQFH:H SURSRVH WKDW LQ VFKL]RSKUHQLD 10'$ UHFHSWRU
K\SRIXQFWLRQPLJKW EH LPSOLFDWHG LQ GH¿FLHQW FRQWURO RI'$ FHOO DFWLYLW\
DQGH[FHVV'$UHOHDVHXQGHUVWUHVVIXOFRQGLWLRQV7KLVH[FHVV'$DFWLYLW\
LQGXFHVVHQVLWL]DWLRQRIPHVROLPELF'$SURMHFWLRQVDQGLIVXVWDLQHGHPHU













KDV EHHQ K\SRWKHVL]HG WR XQGHUOLH WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD











 VFKL]RSKUHQLFV DQG FRQWUROV:H LQYHVWLJDWHG D SRO\PRUSKLVP LQ
¶ UHJXODWRU\ UHJLRQ RI WKH JHQHZLWK LQ YLWUR SURPRWHU DVVD\ DQG UHFHS




















2EMHFWLYHV (YLGHQFH KDV EHHQ DFFXPXODWHG LQGLFDWLQJ WKDW UHGXFHG
JOXWDPDWH QHXURWUDQVPLVVLRQ YLD WKH 1PHWK\O'DVSDUWDWH 10'$ W\SH
JOXWDPDWH UHFHSWRU PD\ EH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI VFKL]R
SKUHQLDEHFDXVHSKHQF\FOLGLQHDQGRWKHUSRWHQW10'$DQWDJRQLVWVFDXVH
VFKL]RSKUHQLDOLNH SV\FKRVLV FRQVLVWLQJ RI ERWK DQWLSV\FKRWLFUHVSRQVLYH
DQGUHVLVWDQWV\PSWRPDWRORJ\7RREWDLQIXUWKHULQVLJKWLQWRWKHJOXWDPDWH
K\SRWKHVLV RI VFKL]RSKUHQLD ZH KDYH LQYHVWLJDWHG WKH SK\VLRORJLFDO DQG
SDWKRSK\VLRORJLFDO UROHV RI WKH JO\FLQH PRGXODWRU\ VLWH RI WKH JOXWDPDWH
UHFHSWRULWVOLJDQGV
0HWKRGV$VPRGHO RI SV\FKRWLF V\PSWRPV ORFRPRWRU DFWLYLW\ DQG VWHU




51$ DUELWUDULO\ SULPHG 3&5 DQG VHYHUDO TXDQWLWDWLYH 573&5 PHWKRGV
ZHUHXVHG
5HVXOWV$VHOHFWLYHDJRQLVWRIWKHJO\FLQHPRGXODWRU\VLWH'VHULQHLQKLE
LWHG SKHQF\FOLGLQHLQGXFHG DEQRUPDO EHKDYLRU DQG DQ LQFUHDVH LQ FRUWLFDO





QRW DSSHDU WR DFW DV D QHXURWUDQVPLWWHU EHFDXVH WKH H[WUDFHOOXODU UHOHDVH
LV WHWURGRWR[LQUHVLVWDQW DQG LV QRW LQFUHDVHG E\ GHSRODUL]DWLRQ VWLPXOL
0RUHRYHU WKH V\QDSWRVRPDO 3 IUDFWLRQ SUHSDUHG IURP WKH EUDLQ LV DEOH
WR DFFXPXODWH'VHULQH LQ D WHPSHUDWXUHGHSHQGHQWPDQQHU ,QKLELWLRQ RI
JO\FLQH FOHDYDJH V\VWHP DFWLYLW\ UHVXOWV LQ D UHGXFWLRQ LQ WLVVXH'VHULQH
FRQWHQWV LQ WKHEUDLQZKLOHV\VWHPLFDGPLQLVWUDWLRQRI/VHULQHRUJO\FLQH
DXJPHQWV WKH EUDLQ OHYHOV RI'VHULQH )LQDOO\ZH KDYH UHFHQWO\ LVRODWHG




G\VUHJXODWHG LQ WKH EUDLQV RI D JURXS RI VFKL]RSKUHQLF SDWLHQWV7RJHWKHU
ZLWKWKHDPHOLRUDWLQJHIIHFWVRI'VHULQHRQSRVLWLYHDQGQHJDWLYHV\PSWRPV







$LPV7KH JOXWDPDWH JOX WKHRU\ LQFRUSRUDWHV VHYHUDO DVSHFWV RI VFKL]R
SKUHQLD VF10'$DQWDJRQLVWV SURGXFH SRVLWLYH DQG QHJDWLYH SV\FKRWLF





$PDQG IURQWDO FRUWH[ )&[ 7KH OLPELF IURQWDO FRUUHODWLRQ /)&







0HWKRGV &RQWURO DQG */7 RU */$67 .2PLFH ZHUH LPSODQWHG ZLWK
HOHFWURGHV XQGHU SHQWREDUELWDO DQHVWKHVLD 'DLO\ VWLPXODWLRQV RI WKH ULJKW
5$PZHUHGRQHRQFHSHUGD\IRUHDFKDQLPDO7KH((*RIWKH$PDQG
)&[ZDVUHFRUGHGEHIRUHDQGDIWHUNLQGOLQJ



























2EMHFWLYHV WR DVVHVVZKHWKHU WK\URLG KRUPRQH OHYHOV LQ WKH KLJKHVW WK
DQGRUWKHORZHVWWKSHUFHQWLOHDUHDVVRFLDWHGZLWKLQFUHDVHGV\PSWRPV
GXULQJJHVWDWLRQ








&RPSDUHG WR ZRPHQ ZLWK )7 LQ WKH WK WR WK SHUFHQWLOHV HXWK\UR[
LQHPLD ZRPHQ ZLWK K\SRWK\UR[LQHPLD KDG VLJQL¿FDQWO\ KLJKHU DQ[LHW\




















5HVXOWV 7KH YDVW PDMRULW\ RI SDWLHQWV ZLWK SULPDU\ DIIHFWLYH GLVRUGHUV
JUHDWHUWKDQKDYHWK\URLGKRUPRQHEORRGOHYHOVZLWKLQWKHHXWK\URLG







PHQW ,QDQRWKHUVWXG\ ORZHUIUHH WK\UR[LQ LQGH[)7,YDOXHVDQGKLJKHU
76+ YDOXHV ZLWKLQ WKH QRUPDO UDQJH ZHUH VLJQL¿FDQWO\ DVVRFLDWHG ZLWK








GHYHORSPHQW RI OLWKLXPLQGXFHG WK\URLG GLVRUGHUV UHPDLQV XQFOHDU 6RPH
VWXGLHVKDYHUHSRUWHGDKLJKSUHYDOHQFHIRUDQWLWK\URLGDQWLERGLHVLQSDWLHQWV
ZLWK DIIHFWLYHGLVRUGHUV UHFHLYLQJ OLWKLXP WKHUDS\ VXJJHVWLQJ WKDW WK\URLG
DXWRLPPXQLW\PD\PHGLDWHWKHDQWLWK\URLGHIIHFWVRIOLWKLXP2WKHUVWXGLHV
KDYHQRWIRXQGDQLQFUHDVHGSUHYDOHQFHRIDQWLWK\URLGDQWLERGLHVLQSDWLHQWV
ZLWK DIIHFWLYH GLVRUGHUV UHFHLYLQJ OLWKLXP ZKHQ FRPSDUHG WR WKH JHQHUDO
SRSXODWLRQQRUPDOFRQWUROVRUFRQWUROVZLWKSV\FKLDWULFGLVRUGHUV)XUWKHU
PRUH SDWLHQWV ZKR KDYH WK\URLG DXWRLPPXQLW\ SULRU WR OLWKLXP H[SRVXUH
PD\VKRZDULVHLQDQWLERG\WLWHUVDQGKDYHDQLQFUHDVHGULVNRIGHYHORSLQJ
K\SRWK\URLGLVPZKLOHUHFHLYLQJOLWKLXPWKHUDS\























UHFHQWO\ HPHUJHG UHJDUGLQJ WKH ¿QDOLW\ RI WKH WK\URLG V\VWHP DQG LWV LQ








SOLQDU\ DSSURDFK FRPELQLQJ ERWK LQ YLYR DQG LQ YLWUR H[SHULPHQWV76+
UHFHSWRU H[SUHVVLRQZDV DOVR VWXGLHGGXULQJ WKH HDUO\GHYHORSPHQW RI WKH
KXPDQEUDLQ
5HVXOWV 76+ UHFHSWRU H[SUHVVLRQ SUHGRPLQDWHG LQ WKH KLSSRFDPSXV
WKH SLULIRUP FRUWH[ K\SRWKDODPXV QXFOHL DQG WKH VXEYHQWULFXODU ]RQH
HSHQG\PDOFHOOOD\HURIQHZERUQUDWV%RWKDVWURF\WHVDQGQHXURQDOFHOOVH[
SUHVVHGWKLVUHFHSWRU7KHKLJKHVWGHQVLW\RI76+UHFHSWRUSRVLWLYHQHXURQDO
FHOOVZDVREVHUYHG LQ WKHKLSSRFDPSXV DQG WKHK\SRWKDODPXV$VWURF\WHV
H[SUHVVLQJ76+ UHFHSWRUZHUH IRXQG WKURXJKRXW WKH SDUHQFK\PD DVZHOO
DVWKHVXEYHQWULFXODU]RQH,QPLFH76+UHFHSWRUH[SUHVVLRQZDVGHWHFWHG
LQWKHVXEYHQWULFXODU]RQHERWKGXULQJGHYHORSPHQWDQGLQDGXOWV,QYLWUR






































EHHQ H[DPLQHG ,Q WKH VKRUW WHUP WUHDWPHQWZDV IRXQG WR EH UHODWHG WR D




7KHVH¿QGLQJVVXJJHVW WKDWPHFKDQLVPVRWKHU WKDQK\SHUWK\URLGLVP VXFK






6WHUQ5$5RELQVRQ%7KRUQHU$5 HW DO $ VXUYH\ VWXG\ RI QHX
USV\FKLDWULFFRPSODLQWVLQSDWLHQWVZLWK*UDYHV¶GLVHDVH-1HXURSV\FK&OLQ
1HXURVF
7U]HSDF] 370F&XH0.OHLQ , HW DO $ SV\FKLDWULF DQG QXURSV\
FKRORJLFDO VWXG\ RI SDWLHQWV ZLWK XQWUHDWHG *UDYHV¶ GLVHDVH *HQ +RVS
3V\FKLDWU\





























ORQJHU SHULRG RI DGPLQLVWUDWLRQ  GD\V0HDVXUHPHQW RIP51$ OHYHOV
IRU+7$DQG+7%DXWRUHFHSWRUVLQWKHUDSKHQXFOHLVKRZHGVLJQL¿FDQW
UHGXFWLRQVDIWHUFRPELQHGDGPLQLVWUDWLRQRI7DQGÀXR[HWLQHEXWQRWDIWHU
































5HVXOWV 7KH PXWDWLRQ DOORZV 7 ELQGLQJ ZLWK D [ ORZHU DI¿QLW\ WKXV
FDXVLQJWKHUHFHSWRUWRDFWDVDUHSUHVVRUXQOHVVFKDOOHQJHGZLWKKLJKOHYHOV
RI77KHKHWHUR]\JRXVNQRFNLQPLFHKDYHDSURIRXQGSKHQRW\SHDVHYHUH












&RQFOXVLRQV7KHGDWD VXJJHVW WKDW WKHPLFHH[KLELW WZRGLVWLQFW IHDWXUHV
VLPLODUWRWKRVHRIWK\URLGKRUPRQHGHSOHWLRQDQHXURPXVFXODURQHFDXVHG
E\ KRUPRQH GH¿FLHQF\ GXULQJ GHYHORSPHQW DQG WKDW LV LUUHYHUVLEOH LQ WKH














%DFNJURXQG7KH GLIIHUHQWLDO GLDJQRVLV RI SDWLHQWVZLWKPHPRU\ LPSDLU
PHQW DQG RWKHU HDUO\ VLJQV RI GHPHQWLD LQFOXGHV K\SRWK\URLGLVP EXW WKH
QHXURORJLFEDVLVRIWKLVLPSDLUPHQWLVQRWZHOOXQGHUVWRRG
0HWKRGV:HSURVSHFWLYHO\UHFUXLWHGVXEMHFWVSUHYLRXVO\XQWUHDWHG
K\SRWK\URLG SDWLHQWV QHZO\ GLDJQRVHG ZLWK +DVKLPRWRµV WK\URLGLWLV DJH
 \UV DQG  HXWK\URLG FRQWURO VXEMHFWV  \UV $OO SDWLHQWV
XQGHUZHQW FRPSUHKHQVLYH QHXURSV\FKLDWULF DVVHVVPHQW EORRG ODERUDWRU\
WHVWLQJDQGSRVLWURQHPLVVLRQWRPRJUDSK\ZLWK>)@ÀXRURGHR[\JOXFRVH
EHIRUH DQG DIWHU DFKLHYLQJ HXWK\URLG VWDWXVZLWK OHYRWK\UR[LQH WUHDWPHQW
5HJLRQDOQRUPDOL]HGEUDLQDFWLYLW\ZDVDVVHVVHGE\ERWKVWDWLVWLFDOSDUDPHW
ULFPDSSLQJDQGFRQYHQWLRQDOUHJLRQRILQWHUHVWDQDO\VLVPHWKRGV
5HVXOWV %HIRUH WUHDWPHQW K\SRWK\URLG SDWLHQWV GHPRQVWUDWHG VLJQL¿FDQW


















2EMHFWLYHV 7KH HI¿FDF\ UHVXOWLQJ IURP DGMXQFWLYH XVH RI VXSUDSK\VL
RORJLFDO GRVHV RI OHYRWK\UR[LQH KDV HPHUJHG DV D SURPLVLQJ DSSURDFK WR
WKHUDS\DQGSURSK\OD[LVIRUUHIUDFWRU\PRRGGLVRUGHUV0RVWSDWLHQWVZLWK
PRRG GLVRUGHUV ZKR UHFHLYH WUHDWPHQW ZLWK VXSUDSK\VLRORJLFDO GRVHV RI
OHYRWK\UR[LQH /7KDYHQRUPDOSHULSKHUDO WK\URLGKRUPRQH OHYHOVDQG
DOVR UHVSRQGGLIIHUHQWO\ WR WKHKRUPRQHDQG WROHUDWH LWEHWWHU WKDQKHDOWK\
LQGLYLGXDOV DQG SDWLHQWV ZLWK SULPDU\ WK\URLG GLVHDVHV 3URJUHVV LQ IXQF
WLRQDOEUDLQLPDJLQJWHFKQLTXHVKDVSURYLGHGDQHZXQGHUVWDQGLQJRIWKHVH




0HWKRGV7KH HIIHFWV RI ZHHN DGGRQ WUHDWPHQWZLWK DGMXQFWLYH VXSUD
SK\VLRORJLFDOGRVHVRIOHYRWK\UR[LQH/7PHDQGRVHPFJRQUHOD
WLYHEUDLQDFWLYLW\DVDVXUURJDWHLQGH[RIFHUHEUDOJOXFRVHPHWDEROLVPZHUH
LQYHVWLJDWHG LQ HXWK\URLG ZRPHQ ZLWK ELSRODU GHSUHVVLRQ XVLQJ SRVLWURQ
HPLVVLRQWRPRJUDSK\3(7ZLWK>)@ÀXRURGHR[\JOXFRVH
5HVXOWV%HIRUHOHYRWK\UR[LQHWUHDWPHQWWKHSDWLHQWVH[KLELWHGVLJQL¿FDQWO\
KLJKHUDFWLYLW\ LQ WKHPHGLDO WHPSRUDO OREHULJKWDP\JGDOD ULJKWKLSSRF












3& 7K\URLG EUDLQ DQGPRRGPRGXODWLRQ LQ DIIHFWLYH GLVRUGHU LQ
VLJKWVIURPPROHFXODUUHVHDUFKDQGIXQFWLRQDOEUDLQLPDJLQJ3KDUPDFRSV\
FKLDWU\6XSSO6
%DXHU 0 /RQGRQ (' 5DVJRQ 1 %HUPDQ 60 )U\H 0$ $OWVKXOHU /
0DQGHONHUQ0$%UDPHQ-%9R\WHN:RRGV50D]]LRWWD-&:K\EURZ
3&6XSUDSK\VLRORJLFDOGRVHVRIOHYRWK\UR[LQHDOWHUUHJLRQDOFHUHEUDO







2EMHFWLYHV0RRG GLVRUGHUV KDYH EHHQ DVVRFLDWHGZLWK ERWK WK\URLG G\V
IXQFWLRQDQGYDULRXVLPPXQHGLVWXUEDQFHV,QWXUQK\SHUWK\URLGLVPDQGK\
SRWK\URLGLVPRIWHQKDYHDQDXWRLPPXQHSDWKRSK\VLRORJ\:HLQYHVWLJDWHG







5HVXOWV 732$EV ZHUH PRUH SUHYDOHQW LQ ELSRODU SDWLHQWV  WKDQ
SRSXODWLRQ DQG SV\FKLDWULF FRQWUROV  7KH SUHVHQFH RI 732$EV






VWXG\KLJKHU732DE WLWHUV DQG WK\URLG IDLOXUHZHUHSUHGRPLQDQWO\ IRXQG
LQIHPDOHELSRODURIIVSULQJDOWKRXJKWKHUHZDVQRDVVRFLDWLRQZLWKDKLJKHU
SUHYDOHQFHRIPRRGGLVRUGHUV





2XUVHFRQGVWXG\VXJJHVWV WKDWELSRODURIIVSULQJ LQKHULWDYXOQHUDELOLW\ WR


























RIDIIHFWLYHGLVRUGHUV LQKXPDQV\HW WKHQHXURQDOEDVLVRI LWV ORQJODVWLQJ
HIIHFWVLQWKHEUDLQLVVWLOOXQNQRZQ:HVWXGLHGDFXWHDQGODVWLQJHIIHFWVRI
706RQ UHDFWLYLW\ RI WKH UDW KLSSRFDPSXV WR VWLPXODWLRQRI WKH SHUIRUDQW
SDWK $SSOLFDWLRQ RI 706 WR WKH EUDLQ RI WKH DQHVWKHWL]HG UDW FDXVHG D
GRVHGHSHQGHQW WUDQVLHQW LQFUHDVH LQSRSXODWLRQVSLNH 36 UHVSRQVHRI WKH
GHQWDWH J\UXV WR SHUIRUDQW SDWK VWLPXODWLRQ ,Q DGGLWLRQ 706 FDXVHG D
























GHSUHVVLRQ 0' ,Q DQLPDOV U706 LQGXFHG EHKDYLRUDO HIIHFWV VLPLODU WR
WKRVH LQGXFHG E\ DQWLGHSUHVVDQWV DQG HOHFWURFRQYXOVLYH VKRFN (&6$W








LQ6+6<<FHOOV$W WKHPROHFXODU OHYHO UHSHDWHG WUHDWPHQW +]VHF
 WUHDWPHQWV LQ  GD\V DIIHFWHG WKH VWUHVV VLJQDO SDWKZD\ DOWHULQJ KHDW
VKRFNSURWHLQ KVSH[SUHVVLRQEXWQRW WKDWRI WKH&5(%VLJQDOSDWKZD\
DV REVHUYHG LQ D'1$+XPDQ3DWKZD\)LQGHUPLFURDUUD\ *($UUD\.LW
6XSSHU$UUD\,QFDQGYHUL¿HGE\573&5$VLQJOHWUHDWPHQW+]VHF
DOWHUHGKVSH[SUHVVLRQEXWQRWWKDWRIKVSLQDWLPHGHSHQGHQWPDQQHU
7DNHQ WRJHWKHU U706 HIIHFWV RQ1(PHWDEROLVP DQG RQP51$ OHYHOV RI















WKH WKHUDSHXWLF HI¿FDF\ DQG FKDQJHV LQ FRUWLFDO H[FLWDELOLW\ IROORZLQJ 
VHVVLRQV RI U706 DGPLQLVWHUHG DW GLIIHUHQW IUHTXHQFLHV DQG WR GLIIHUHQW
VLGHVDQGSKDUPDFRORJLFDOWUHDWPHQWV,QSURWRFROQ WKHVKRUWWHUP
DQG FXPXODWLYH HIIHFWV RI (&7 RQ FRUWLFDO H[FLWDELOLW\ZHUH VWXGLHG7KH
SDUDPHWHUVRIFRUWLFDOH[FLWDELOLW\DVVHVVHGZHUHWKHUHVWLQJU07DQGDF
WLYHD07PRWRUWKUHVKROGVWKHVL]HRIWKHPRWRUHYRNHGSRWHQWLDO0(3


















































LQLWLDOSXEOLFDWLRQV WKHSRVVLELOLW\ WKDW706ZRXOGFRQVWLWXWHDQHZ WUHDW
PHQWPRGDOLW\IRUGHSUHVVLRQUDLVHGFRQVLGHUDEOHLQWHUHVWDPRQJFOLQLFLDQV
SDWLHQWVDQGWKHJHQHUDOSXEOLF+DVWKLVLQLWLDOSURPLVHEHHQIXO¿OOHG"'R
ZH NQRZ KRZ HIIHFWLYH 706 LV" 'R ZH NQRZ ZKLFK SDWLHQWV DUH PRUH





SHUIRUPHG E\ KLV JURXS FRPSDULQJ706 DQG(&7 LQ VHYHUHO\ GHSUHVVLYH
LQGLYLGXDOV LQFOXGLQJ UHFHQW ¿QGLQJ UHJDUGLQJ SUHGLFWRUV RI UHVSRQVH WR
706
)LQDOO\WKHTXHVWLRQRIZKHWKHU706FDQEHRIIHUHGWRGHSUHVVHGSDWLHQWV


























0HWKRGV 7KH ¿QDO V\VWHP 6RPQRO\]HU [ FRQVLVWV RI D UDZ GDWD
TXDOLW\FKHFNDIHDWXUHH[WUDFWLRQDOJRULWKPGHQVLW\DQGLQWHQVLW\RIVOHHS
ZDNHUHODWHGSDWWHUQV VXFK DV VOHHS VSLQGOHV GHOWDZDYHV VORZDQG UDSLG
H\HPRYHPHQWV D IHDWXUHPDWUL[SODXVLELOLW\ FKHFN D FODVVL¿HUGHVLJQHG
DVDQH[SHUWV\VWHPDUXOHEDVHGVPRRWKLQJSURFHGXUHIRUWKHVWDUWDQGWKH
HQGRIVWDJHV5(0DQGDQG¿QDOO\DVWDWLVWLFDOFRPSDULVRQ WRDJHDQG
VH[PDWFKHG QRUPDO KHDOWK\ FRQWUROV 6LHVWD 6SRW 5HSRUW 7KH H[SHUW
V\VWHP FRQVLGHUV GLIIHUHQW SULRU SUREDELOLWLHV RI VWDJH FKDQJHV GHSHQGLQJ
RQ WKH SUHFHGLQJ VOHHS VWDJH WKH RFFXUUHQFH RI DPRYHPHQW DURXVDO DQG
WKHSRVLWLRQRI WKHHSRFKZLWKLQ WKH15(05(0VOHHSF\FOHV0RUHRYHU
UHVXOWVREWDLQHGZLWKDQGZLWKRXWXVLQJWKHFKLQ(0*VLJQDODUHFRPELQHG







.DSSD  EHWZHHQ WZR KXPDQ H[SHUWV VFRULQJ WKH VDPH GDWDVHW 7ZR




















'LVWXUEHG VOHHS LV FRQVLGHUHG D FDUGLQDO V\PSWRP RI DIIHFWLYH GLVRUGHUV
'XULQJ GHSUHVVLRQ SDWLHQWV KDYH GLI¿FXOW\ LQ VOHHS LQGXFWLRQ DQG VOHHS
PDLQWHQDQFHGXULQJHSLVRGHVRIPDQLDKRZHYHUDOWKRXJKWKH\PD\VOHHS
HYHQOHVVWKDQZKLOHGHSUHVVHGWKH\XVXDOO\GRQRWSUHVHQWZLWKDFRPSODLQW










































HQUROOHG LQ WKH VWXG\ +3$ V\VWHP DVVHVVPHQW XVLQJ WKH FRPELQHG'(;
&5+WHVWDQGVOHHS((*VWXGLHVZHUHFRQGXFWHGDWEDVHOLQHDIWHUDZHHN





5HVXOWV  7KH SUHYLRXV FOLQLFDO FRXUVH DV UHÀHFWHG E\ WKH QXPEHU RI
HSLVRGHVXQWLOEDVHOLQHFRUUHODWHGVLJQL¿FDQWO\ZLWK((*VOHHSPHDVXUHVLH
VOHHSFRQWLQXLW\YDOXHVDQG6:66SHDUPDQ¶VUKRU S
'XULQJ WUHDWPHQWVOHHSFRQWLQXLW\YDOXHV LPSURYHGDQG WKHFRUUHODWLRQ









VLW\ DUHRI SUHGLFWLYHYDOXH IRU WKH ORQJWHUPFRXUVHRIPDMRUGHSUHVVLRQ






















HQKDQFHG VHQVLWLYLW\ RI GRSDPLQHUJLF WUDQVPLVVLRQ 2Q WKH EDVLV RI WKLV
SURSRVDO LW FRXOG EH SURSRVHG WKDW WKH VOHHS GLVWXUEDQFH RI VFKL]RSKUHQLD









LQYROYHG LQ WKH GLVUXSWLRQ RI WKLV EHKDYLRUDO VWDWH ,Q WKLV UHVSHFW UHFHQW
QHXURDQDWRPLFDxDQGQHXURFKHPLFDOVWXGLHVKDYHSURYLGHGHYLGHQFHIRUD
GHFUHDVH RI ȖDPLQREXW\ULF DFLG *$%$HUJLF QHXURWUDQVPLVVLRQ SOD\LQJ












+$ + DQG DFHW\OFKROLQH PXVFDULQLF UHFHSWRUV ,UUHVSHFWLYH RI WKHLU
FKHPLFDO VWUXFWXUH DQWLSV\FKRWLFV VKRZ LQWHUPHGLDWH FOR]DSLQH WR KLJK
KDORSHULGRO ÀXSHQWL[RO WKLRWKL[HQH RODQ]DSLQH ULVSHULGRQH DI¿QLW\ IRU
WKH'UHFHSWRU,QDGGLWLRQFOR]DSLQHDQGRODQ]DSLQHKDYHLQWHUPHGLDWHDQG








UHODWHG WR WKH EORFNDGH RI Į+ DQG FKROLQHUJLF PXVFDULQLF UHFHSWRUV
7KLVLVEDVHGRQWKHSUHPLVHWKDWĮUHFHSWRU¿UVWJHQHUDWLRQ+UHFHSWRU













FDXVHV RI VOHHSGLVUXSWLRQ LQ GHPHQWLD LQFOXGH  SK\VLRORJLFDO FKDQJHV
WKDWDULVHDVSDUWRIQRUPDO³QRQSDWKRORJLFDO´DJLQJ  VOHHSSUREOHPV
GXH WRSK\VLFDORUSV\FKLDWULF LOOQHVVRU WKHLU WUHDWPHQW SULPDU\VOHHS
GLVRUGHUV  SRRU ³VOHHS K\JLHQH´ RU VOHHSUHODWHG KDELWV ZKLFK FDQ
LQFOXGHSDWWHUQVRIGD\WLPHVOHHSLQJHVWDEOLVKHGRYHU ORQJ\HDUVRIQLJKW




&RQFOXVLRQV (IIHFWLYHO\ HYDOXDWLQJ DQG WUHDWLQJ GLVWXUEHG VOHHS LQ DQ
$' SDWLHQW UHTXLUHV DQ DSSUHFLDWLRQ RI WKHPDQ\ZD\V WKDW VOHHS FDQ EH


















 6SHFLDO ,VVXH RQ 6HYHUH 'HPHQWLD 6SULQJHU 3XEOLVKLQJ &RPSDQ\
1HZ<RUN
0F&XUU\6HWDO7UDLQLQJ&DUHJLYHUVWR&KDQJHWKH6OHHS+\JLHQH3UDF


















WKH SHUVRQDO$0 LV LQWHUSUHWHG DV DQ LQGLYLGXDO DFTXLUHG VRIWZDUH GLVWXU
EDQFHLQUHODWLRQWRVHOHFWLYHO\LQWHJUDWLQJ³IHHGEDFNORRSV´DQG³FRPSDUD
WRUV\VWHPV´RIQHXURQDOLQIRUPDWLRQSURFHVVLQJ0RUHWKDQDVSHFL¿F³GUXJ



















2EMHFWLYHV 7ZR IDFWRUV WKDW OHDG WR WKH WREDFFR VPRNLQJ KDELW DUH WKH
UHZDUGLQJHIIHFWVRIQLFRWLQHDQG WKHPRWLYDWLRQ WRDOOHYLDWH WKHQHJDWLYH









LQ UDWV WR LQYHVWLJDWH WKH HIIHFWV RI GUXJPDQLSXODWLRQV RQ WKH UHLQIRUFLQJ
HIIHFWV RI QLFRWLQH 7KH LQWUDFUDQLDO VHOIVWLPXODWLRQ SURFHGXUH ZDV XVHG










WDWHGZLWKGUDZDOOLNHHOHYDWLRQV LQEUDLQ UHZDUG WKUHVKROGV7KXV WKHUH LV
LQFUHDVHGDFWLYLW\RILQKLELWRU\P*OXUHFHSWRUVZLWKWKHGHYHORSPHQWRI
QLFRWLQHGHSHQGHQFHWRFRXQWHUDFWWKHLQFUHDVHGJOXWDPDWHUHOHDVHLQGXFHG
E\ QLFRWLQH $FFRUGLQJO\ WKH P*OX UHFHSWRU DQWDJRQLVW /<
DWWHQXDWHG WKH WKUHVKROG HOHYDWLRQV VHHQ LQ UDWV XQGHUJRLQJ VSRQWDQHRXV
QLFRWLQHZLWKGUDZDO
&RQFOXVLRQV 7KHVH GDWD LQGLFDWH WKDW JOXWDPDWH WUDQVPLVVLRQ WKURXJK



























XVXDOO\ JRRG0RVW IUHTXHQW VLGH HIIHFWVZHUH JDVWURLQWHVWLQDO FRPSODLQWV
DQGRFFDVLRQDOO\DOOHUJLFVNLQUHDFWLRQV5HFHQWSKDVH,9VWXGLHVSURRIWKH
H[FHOOHQWVLGHHIIHFWSUR¿OH6R\NDHWDO9HU\UHFHQWO\WKHFORFNJHQH
3HUZDV LGHQWL¿HG WREHDNH\VWUXFWXUH LQPRGXODWLQJDOFRKROFRQVXPS
WLRQ$FDPSURVDWHPD\DFWYLDDXJPHQWDWLRQRIJOXWDPDWHOHYHOVWKURXJKWKLV
JHQH6SDQDJHOHWDO
$QRWKHU UHFHQWO\ VWXGLHG WDUJHW LV WKH KXPDQ HQGRFDQQDELQRLG V\VWHP


















$OFRKRO LV D GUXJ WKDW DFWV RQ VHYHUDO GLYHUVH QHXURWUDQVPLWWHU V\VWHPV
%RWK DQLPDO DQG KXPDQ VWXGLHV DUH FRQVLVWHQW LQ GHPRQVWUDWLQJ WKDW WKH
HQGRJHQRXVRSLRLGV\VWHPLVNH\WRWKHSOHDVXUDEOHHIIHFWVRIDOFRKRO3KDU




DQGPRUH VWLPXODWLRQHXSKRULD WKDQ WKRVHZLWK D QHJDWLYH IDPLO\ KLVWRU\




























1HUYRVD $1 %XOLPLD 1HUYRVD %1 (DWLQJ 'LVRUGHUV 1RQ 2WKHUZLVH











5HVXOWV ,PSDLUPHQWV RI WHPSHUDPHQWDO DQG FKDUDFWHULDO DVSHFWV ZHUH
REVHUYHG LQ$1%1DQG('126ERWKEHIRUH DQG DIWHU&%7 LQ SDUDOOHO
ZLWKDOWHUHGFRQFHQWUDWLRQVRI+9$DQG0+3*DQGRISDUR[HWLQHELQGLQJ
YDOXHV
&RQFOXVLRQV 7KH SDWKRJHQHWLF VLJQL¿FDQFH RI WKH QHXURWUDQVPLWWHU DO















































SOD\ D UROH LQ WKH SDWKRJHQHVLV DQG SDWKRSK\VLRORJ\ RI DQRUH[LD QHUYRVD
$1 DQG EXOLPLD QHUYRVD %1 )LUVW +7 SDWKZD\V FRQWULEXWH WR WKH
PRGXODWLRQ RI IHHGLQJ PRRG DQG LPSXOVH FRQWURO 6HFRQG PHGLFDWLRQV
WKDWDFWRQ+7SDWKZD\VKDYHVRPHGHJUHHRIHI¿FDF\LQLQGLYLGXDOVZLWK





HQW DEQRUPDOLWLHV LQ LQGLYLGXDOV ZKR KDYH UHFRYHUHG IURP$1 DQG %1
0RUHRYHURWKHUVWXGLHVUDLVHWKHSRVVLELOLW\RIJHQHSRO\PRUSKLVPVLQWKH
+7V\VWHP7KXV LW LVSRVVLEOH WKDW LQGLYLGXDOVZLWK$1DQG%1KDYHD




EHKDYLRUDO LQKLELWLRQ DQG VHOIFRQWURO 7RJHWKHU WKHVH VWXGLHV VKHG QHZ













IDPLOLHV DOO DFFHVVHG WKURXJKDQ$1SUREDQG*HQRW\SLQJZDV FRQGXFWHG
ZLWKDEDWWHU\RIVKRUWWDQGHPUHSHDW675PDUNHUVGLVWULEXWHGDFURVV
WKHJHQRPH$OO LQGLYLGXDOV UHFHLYHGFRPSUHKHQVLYHDVVHVVPHQWV IRU WHP
SHUDPHQWDQGSHUVRQDOLW\ IHDWXUHVDVZHOODVSV\FKLDWULFGLDJQRVHV6HYHQ
WUDLWVWKDWDUHXQOLNHO\WRUHVXOWIURPQXWULWLRQDOGH¿FLHQFLHVZHUHVHOHFWHG
IRU DQDO\VLV KDUP DYRLGDQFH DQG QRYHOW\ VHHNLQJ RYHUDOO SHUIHFWLRQLVP
RYHUDOOREVHVVLYHQHVVFRPSXOVLYLW\RYHUDOOHDWLQJGLVRUGHUGLVWXUEDQFHDQG
GULYHIRUWKLQQHVV
5HVXOWV 7ZR YDULDEOHV GULYH IRU WKLQQHVV DQG REVHVVLRQDOLW\ GHOLQHDWHG
SRSXODWLRQVDPRQJWKH$63V7KHUHZHUHDFOXVWHURI$63VZKRKDGKLJK
DQGFRQFRUGDQWYDOXHVIRUWKHVHWUDLWV7KHVHFRYDULDWHVZHUHLQFRUSRUDWHG
LQWR WKH$63 OLQNDJHDQDO\VLVERWK MRLQWO\ DQG VHSDUDWHO\6HYHUDO UHJLRQV

















,Q WKH ODVW GHFDGH RXU NQRZOHGJH RI WKH SDWKRSK\VLRORJ\ RI GHSUHVVLYH
GLVRUGHUVKDVHQODUJHGHQRUPRXVO\7KHOLWHUDWXUHLVFURZGHGZLWKLQIRUPD
WLRQFRQFHUQLQJGLIIHUHQWJHQHWLFELRFKHPLFDOKRUPRQDO LPPXQHQHXUR
WURSKLF HOHFWURO\WH OLSLGDQGRWKHU DOWHUDWLRQV LQ WKHGLIIHUHQWERG\ÀXLGV
DQGWLVVXHVLQGHSUHVVHGSDWLHQWV+RZHYHUWKDWLQIRUPDWLRQVHHPVQRWZHOO



















FRXUVHDQGRWKHU LPSRUWDQWFOLQLFDOFKDUDFWHULVWLFV OLNH VXLFLGDOEHKDYLRXU







7R SURYLGH DQ RYHUYLHZ DQG GLVFXVVLRQ IRUXP RQ ELRORJLFDO PDUNHUV LQ
GHSUHVVLRQWKH:RUOG)HGHUDWLRQRI6RFLHWLHVRI%LRORJLFDO3V\FKLDWU\KDV
























GHPHQWLD DQG 3DUNLQVRQ GHPHQWLD 0RUHYRYHU WKH YDOXH RI &6)1''
IRUWKHSUHGLFWLYHGLDJQRVLVRILQFLSLHQW$'ZLOOHYDOXDWHGLQDFRKRUWHRI
SDWLHQWVZLWKPLOGFRJQLWLYH LPSDLUPHQW 0&,Q 7KH&6)1''SD
UDPHWHUV$ȕ$ȕ$ȕ$ȕ$ȕWZRDVVD\VWRWDO7DX
SKRVSKR7DXDQGWKUHH$ȕSHSWLGHUDWLRVZHUHLQYHVWLJDWHG7KHDWWRWR








&RQFOXVLRQV &6)1'' GRHV VLJQL¿FDQWO\ FRQWULEXWH WR WKH LPSURYHG
GLDJQRVLVRIHDUO\VWDJHVRIGHPHQWLDV6LQFHPXOWLSDUDPHWULF&6)1''LV










EH WUHDWHG E\ WKH DQWLGHSUHVVDQW LPLSUDPLQH +LV REVHUYDWLRQ LQLWLDWHG D
SOHWKRUD RI VWXGLHV WR LOOXPLQDWH WKH ELRORJ\ RI SDQLF DQG RWKHU DQ[LHW\
GLVRUGHUV
6WXGLHV RI UHVSLUDWRU\ SK\VLRORJ\ JDYH ULVH WR WKH IDOVH VXIIRFDWLRQ DODUP
WKHRU\EDVHGRQWKHDVVXPSWLRQRIDORZWKUHVKROGRIEUDLQVWHPQXFOHLIRU
UHVSLUDWRU\ VWLPXOL $GGLWLRQDO FDUGLDF ¿EHU EXQGOHV ZHUH GHVFULEHG DQG
VXJJHVWHGDVPRUSKRORJLFDOVXEVWUDWHIRUVRPHRIWKHFDUGLDFV\PSWRPVRI
WKHVHSDWLHQWV
.QRZOHGJH RI WKHPROHFXODUPHFKDQLVP RI GUXJV WUHDWLQJ SDQLF GLVRUGHU
DQGGUXJVSURYRNLQJSDQLFGLVRUGHUOHGWRQHXURWUDQVPLWWHUWKHRULHVLQFOXG
LQJQRWRQO\WKHFODVVLFDOPRQRDPLQHUJLFQHXURWUDQVPLWWHUV\VWHPVDQGWKH
*$%$ V\VWHP EXW DOVR WKH DGHQRVLQH DQG FKROH]\VWRNLQLQ QHXURPRGXOD









SUHYLRXVO\ QRW FRQVLGHUHG DV UHOHYDQW IRU WKH SDWKRSK\VLRORJ\ RI DQ[LHW\
GLVRUGHUV7KHH[SRQHQWLDOSURJUHVVLQJHQRPLFWHFKQRORJ\KROGVWKHSURP
LVHWRGHYHORSULVNPRGHOVFRPSDUDEOHWRWKRVHRIFDUGLRYDVFXODUGLVRUGHUV










)UHXG 6 hEHU GLH %HUHFKWLJXQJ YRQ GHU 1HXUDVWKHQLH HLQHQ EHVWLPPWHQ

















2EMHFWLYHV %RWK WKH KXPDQ GRSDPLQH' UHFHSWRU ''5 DQG FKROLQH
DFHW\OWUDQVIHUDVH&K$7ZHUHUHSRUWHGWRFRQWDLQVHYHUDOSRO\PRUSKLVPV
7KH''5SRO\PRUSKLVP LV FKDUDFWHUL]HGE\ D YDU\LQJQXPEHU RI GLUHFW
LPSHUIHFWESUHSHDWVLQWKHJHQH0DQ\SUHYLRXVVWXGLHVZHUHFRQGXFWHG
WR DVVHVV DVVRFLDWLRQ EHWZHHQ WKLV SRO\PRUSKLVP DQG SHUVRQDOLW\ WUDLW RI
QRYHOW\VHHNLQJLQDGXOWVDQGLQIDQWV7KH&K$7SRO\PRUSKLVPLVDVLQJOH











GLDJQRVHG DV PLQRU DQG PDMRUGHSUHVVLYH FRPSDUHG WR VXEMHFWV ZLWKRXW
DQ\ GHSUHVVLRQ 6XEMHFWV FDUU\LQJ WKH ORQJ ''5 DOOHOH VKRZHG KLJKHU
+DPLOWRQGHSUHVVLRQ DQG VKRUWJHULDWULFGHSUHVVLRQVFDOH 6*'6 VFRUHV






















7KHUH DUH WZR IRUPV RI DQRUH[LD QHUYRVD WKH UHVWULFWLQJ VXEW\SH DQG WKH
ELQJHSXUJHVXEW\SH$NH\GLIIHUHQWLDWLQJIDFWRULVWKHEHKDYLRXUUHODWHGWR
IRRGELQJHSXUJHVXEW\SHVH[KLELWDWUDLWRIGLVLQKLELWHGHDWLQJDQGUREXVW
KXQJHUZKHUHDV DZHDNHU FRQVWUDLQHG DSSHWLWH LV DVVRFLDWHGZLWK UHVWULFW
LQJDQRUH[LDQHUYRVD,WLVSRVVLEOHWKDWWKHVHWUDLWVSURGXFHDPRUHUREXVW
SKHQRW\SH WKDQ WKH FOLQLFDO V\QGURPHZKLFK FDQÀXFWXDWH RYHU WLPH7KH
ELRORJLFDODHWLRORJ\PD\GLIIHUEHWZHHQWKHVXEW\SHV)RUH[DPSOHWKH





































ZLWK$1 DOVR DSSHDU WR H[KLELW GLIIHUHQW OLIHWLPHZHLJKW WUDMHFWRULHV WKDQ
LQGLYLGXDOVZLWKRXW$1 LQ WKHJHQHUDOSRSXODWLRQ7KHKHULWDELOLW\RIQDU
URZO\GH¿QHG'60,9$1ZDVHVWLPDWHGWREHD &,
ZLWK WKH UHPDLQLQJ YDULDQFH DWWULEXWDEOH WR VKDUHG HQYLURQPHQW F 




&RQFOXVLRQV 7KH SUHYDOHQFH RI$1 LQ ERWK PDOHV DQG IHPDOHV KDV LQ
FUHDVHG DFURVV ELUWK FRKRUWV VSDQQLQJ  7KLV LV WKH ¿UVW WZLQ


















ZDV QHJOLJLEOH DQ DQDO\VLV XVLQJ WKHPRVW QDUURZ DIIHFWLRQ VWDWXVPRGHO
FRPSULVHGRIUHODWLYHVZLWKRQO\UHVWULFWLQJW\SHDQRUH[LDQHUYRVDJHQHUDWHG
D SHDN PXOWLSRLQW QRQSDUDPHWULF OLQNDJH VFRUH RI  RQ FKURPRVRPH
 ,Q D IXUWKHU DQDO\VLV 'HYOLQ  WZR YDULDEOHV GULYHIRUWKLQQHVV














OLIHWLPHPLQLPXP%RG\0DVV ,QGH[ %0, FRQFHUQ RYHUPLVWDNHV &0




%XOLN VXEPLWWHG 7KHVH OLQNDJH DQDO\VHV SURGXFHG FRPSHOOLQJ OLQNDJH
VLJQDOV 'HYOLQ VXEPLWWHG IURP WKH %1$53 VDPSOH IRU 47/ OLQNDJH
DQDO\VLV IRXU VXJJHVWLYH VLJQDOV IRU 0(1$5 DW S IRU $1; DW




RQH VLJQL¿FDQW >T@ DQG ¿YH VXJJHVWLYH >S S T
SS@5HVXOWV IURP WKH$1$53ZHUH IDU OHVVFRPSHOOLQJ
IRU 47/ OLQNDJH DQDO\VLV WZR VXJJHVWLYH VLJQDOV IRU 2%6 DW T DQG










VKDSH DQG ZHLJKW DQG E\ UHVWULFWLRQ RI IRRG LQWDNH UHVXOWLQJ LQ H[WUHPH
ZHLJKWORVVPRUWDOLW\LVDERXWDQGVRPHSDWLHQWVQHYHUIXOO\UHFRYHU














DQG IRRG UHGXFWLRQ LVDFFRPSDQLHGE\K\SHUDFWLYLW\ZHLJKW ORVV UHGXFHG
WHPSHUDWXUHDQGK\SROHSWLQDHPLD
0HWKRGV :H GHWHUPLQHG WUDLW GLIIHUHQFHV LQ WKH $FWLYLW\ %DVHG $QR
UH[LD$%$PRGHORIWKUHHJHQHWLFDOO\GLIIHUHQWLQEUHGVWUDLQVRIPLFH$-
&%/-DQG'%$-
5HVXOWV 2XU SLORW GDWD XVLQJ &%/-$- FKURPRVRPH VXEVWLWXWLRQ
VWUDLQV &66 RI PLFH KDV VKRZQ WKDW$- GRQRU PLFH FDUU\ 47/V IRU
$%$ ZH KDYH LGHQWL¿HG D SXWDWLYH 47/ IRU$%$ K\SHUDFWLYLW\ RQ$-
FKURPRVRPH:HSURSRVHWRPDS47/VDFURVVDOO&66PLFHYDOLGDWH
DQG LGHQWLI\ WKHVH47/VXVLQJEDFNFURVVHVDQGSHUIRUPIDPLO\EDVHGDV
VRFLDWLRQ DQDO\VLV LQ KXPDQV WR HYDOXDWH WKH SXWDWLYH VXVFHSWLELOLW\ JHQHV
WKDWZHLGHQWLI\
&RQFOXVLRQV$%$LVDJRRGDQLPDOPRGHORIDQRUH[LDQHUYRVDDQGFDQEH












IRU LQYHVWLJDWLQJ GHFLVLRQPDNLQJ DQG2)& IXQFWLRQ %HFKDUD :H
KDYH FRQGXFWHG QHXURSV\FKRORJLFDO VWXGLHV RI 2)& IXQFWLRQ LQ VXEMHFWV
ZLWK DQRUH[LD QHUYRVD $1 DV RXU QHXURLPDJLQJ¿QGLQJV LPSOLFDWH2)&
G\VIXQFWLRQLQWKHSDWKRJHQHVLVRIWKHGLVRUGHU8KHU
0HWKRGV 8VLQJ WKH FRPSXWHULVHG ,*7 ZH LQYHVWLJDWHG WKH SUR¿OH RI






WKH WDVN7KRVH UHFRYHUHG IURP$1 VKRZHG D QRUPDO OHDUQLQJ FXUYH DQG
WKHLU SHUIRUPDQFHZDV QRZRUVH WKDQ WKDW RI KHDOWK\ FRQWUROV LQ WKH ,*7
6NLQFRQGXFWDQFHUHVSRQVHVKDYHQRWEHHQIXOO\DQDO\VHGEXWZLOOEHSUH
VHQWHG
&RQFOXVLRQV ,PSDLUPHQW RI GHFLVLRQ PDNLQJ LQ $1 KDV EHHQ UHSRUWHG






























0HWKRGV7KH VXEMHFWVZHUHPRQR]\JRWLFPDOH WZLQV RQH RIZKRP KDG
'60,9VFKL]RSKUHQLDXQGLIIHUHQWLDWHGW\SH*HQRPLF'1$ZDVH[WUDFWHG
IURP OHXNRF\WHV DQGZDV DSSOLHG WR5HVWULFWLRQ/DQGPDUN*HQRPH6FDQ
QLQJ 5/*6 DQDO\VLV ZKLFK ZDV GHYHORSHG IRU D KLJKVSHHG VXUYH\ RI
UHVWULFWLRQVLWHVWKURXJKRXWDJHQRPHDQGPHDVXUHPHQWRIWKHLUFRS\QXPEHU
LQHDFKORFXV





VSRWV  ZHUH YHU\ IDLQWO\ YLVLEOH 7KH GLVFUHSDQFLHV ZHUH DVFHUWDLQHG
FRQVLVWHQWO\E\UHSHDWHG5/*6WULDOV$IWHU WU\LQJ WRFORQHIUDJPHQWV WKDW
SURGXFHGDOOWKHVSRWVZHREWDLQHGIRXUFORQHV1DWXUDOO\HDFKRIWKHFORQHV
KDVD1RW,UHFRJQLWLRQVLWHDWWKH¶HQGRIWKHIUDJPHQW
&RQFOXVLRQV ,W LV NQRZQ WKDW  RI 1RW, UHFRJQLWLRQ VLWHV DUH ORFDWHG
RQ&S*LVODQGV7KXV WKHIUDJPHQWVGHWHFWHG LQRXUUHVHDUFKKDYHDKLJK
SUREDELOLW\ RI UHÀHFWLQJ VXFK D PXWDWLRQ OHDGLQJ WR DQ DOWHUDWLRQ RI WKH
WUDQVFULSWLRQ OHYHO RI D JHQH 7ZR DOWHUQDWLYH PHFKDQLVPV E\ ZKLFK WKH
GLVFUHSDQWIUDJPHQWVLQWKHWZLQVDSSHDUDUHSRVVLEOH)LUVWLQHLWKHURIWKH
WZLQV D VXEPLFURVFRSLF FKDQJH RI'1$ IRU H[DPSOH GHOHWLRQLQVHUWLRQ
VXEVWLWXWLRQ RU WUDQVORFDWLRQ PD\ KDYH RFFXUUHG DW 1RW, ÀDQNLQJ VLWHV









7VXMLWD 7 .D\DVKLPD 7 1LLNDZD 1 1DNDQH < DQG 2ND]DNL < 













0HWKRGV 6XEMHFWV DUH RQH SDLU RI GLVFRUGDQW WZLQV  \HDUV ROGPDOHV
RIZKLFK RQH KDV ELSRODU GLVRUGHU /\PSKREODVWRLG FHOO OLQHVZHUH HVWDE







IDFWV7KHRWKHU FORQHVZHUHGHULYHG IURPXSVWUHDP UHJLRQVRI WKHJHQHV
LQFOXGLQJ&S*LVODQGV7KHVHJHQHVDUHFXUUHQWO\XQGHULQYHVWLJDWLRQ
&RQFOXVLRQV 2XU SUHOLPLQDU\ UHVXOWV VKRZHG WKDW WKHUH PLJKW EH VRPH
'1$PHWK\ODWLRQGLIIHUHQFHVEHWZHHQPRQR]\JRWLFWZLQV
5HIHUHQFHV
.DNLXFKL & ,ZDPRWR . ,VKLZDWD 0 %XQGR0 .DVDKDUD 7 .XVXPL ,
7VXMLWD72ND]DNL<1DQNR6.XQXJL+6DVDNL7.DWR7,PSDLUHG









2EMHFWLYHV7KH UROHV RIPHWK\ODWLRQ DQG UHSHWLWLYH HOHPHQWV LQ JHQRPLF
GLYHUVLW\DQGKXPDQGLVHDVHVKDYHEHHQUHSRUWHGLQFUHDVLQJO\&URZ
SURSRVHG WKDW WKH UHWURYLUDO LQWHJUDWLRQ PD\ LQÀXHQFH WKH VHTXHQFH RI
QHXURGHYHORSPHQWDOJHQHWKDWLVLQYROYHGLQVFKL]RSKUHQLD7KLVUHWURYLUDO
K\SRWKHVLV KDV EHHQ VXEVWDQWLDWHGE\PDQ\ VWXGLHV )RU H[DPSOH UHWURYL
UDOUHODWHG VHTXHQFHZKLFKZDV LVRODWHG LQPRQR]\JRWLF WZLQV GLVFRUGDQW
IRU VFKL]RSKUHQLD ZDV IRXQG SODFHQWDOO\ H[SUHVVHG DQG DOVR DEHUUDQWO\
PHWK\ODWHG 'HE5LQNHUHWDO$QFLHQWDQGGHQRYR LQVHUWLRQVLWHV
RI UHWURSRVRQ LQ KXPDQ JHQRPH KDYH EHHQ LGHQWL¿HG DV GLVHDVHFDXVLQJ
PXWDWLRQV .D]D]LDQ  DQG'HLQJLQJHU DQG%DW]HU 0RUHRYHU
D PDMRU LPSDFW RQ JHQRPLF DQG FKURPRVRPDO GLYHUVLW\ ZDV EURXJKW E\
UHSHWLWLYH HOHPHQWV HVSHFLDOO\ WUDQVSRVDEOH HOHPHQWV ZKLFK DUH PRELOH













5HVXOWV %\ $OX VSHFL¿F LQYHUVH3&5 ZLWK VXEWUDFWLRQVFUHHQLQJ ZH
GHWHFWHGVHYHUDOIUDJPHQWVLQDSDWLHQWZLWKVFKL]RSKUHQLDZKLFKZHUHQRW
UHFRJQL]HG LQ KHU VLVWHU 7KHVH IUDJPHQWV FKDUDFWHUL]HG E\'1$ZDONLQJ
PD\FRQWDLQWKHVXVFHSWLEOHJHQHVRUUHJLRQVIRUVFKL]RSKUHQLD
&RQFOXVLRQV$OX UHWURSRVLWLRQKDVRFFXUUHG LQ WKHSDWLHQW VXJJHVWLQJ LWV

























DQG ;<< V\QGURPHV WKDW D JHQHWLF GHWHUPLQDQW RI FHUHEUDO DV\PPHWU\
LV ORFDWHG RQ ERWK WKH; DQG WKH< FKURPRVRPHV 6RPH UHJLRQV RI ;<
KRPRORJ\HJWKH;T<SEORFNDQGSVHXGRDXWRVRPDOUHJLRQ3$5




SURWHFWHG IURP VXFK LQDFWLYDWLRQ:HKDYH WKHUHIRUH LQYHVWLJDWHGZKHWKHU
WKHYDULDWLRQDVVRFLDWHGZLWKFHUHEUDODV\PPHWU\DQGWKHHSLJHQHWLFFRQWURO
RIWKHVHFDQGLGDWH;<KRPRORJRXVJHQHVLVUHODWHGWRSV\FKRVLV
0HWKRGV:HH[DPLQHGGDWD LQ WKH OLWHUDWXUHRQ WKHPRUSKRORJLFDOFRUUH
ODWHVRIGLVFRUGDQFHIRUVFKL]RSKUHQLDLQPRQR]\JRWLFWZLQV,QLQGHSHQGHQW






5HVXOWV0RQR]\JRWLF WZLQV GLVFRUGDQW IRU VFKL]RSKUHQLD GLIIHU LQ DV\P
PHWU\ RI WKH SRVWHULRU VHJPHQW RI WKH 6\OYLDQ ¿VVXUH LOO WZLQV VKRZLQJ




























7KH FDXVHV RI VFKL]RSKUHQLD DQG ELSRODU KXPDQ SV\FKLDWULF GLVRUGHUV DUH
XQNQRZQ $ QRYHO VRPDWLF FHOO JHQHWLF PRGHO SRVWXODWHG QRQUDQGRP





LQKHULWV ERWK HSLJHQHWLFDOO\ VLOHQFHG ³HSLDOOHOHV´ 6XFK DQ RULHQWHG DV\P
PHWULF FHOO GLYLVLRQ LQ HPEU\RJHQHVLVPD\FDXVHGHYHORSPHQWRIKHDOWK\
IXQFWLRQDOO\ QRQHTXLYDOHQW EUDLQ KHPLVSKHUHV *HQHWLF WUDQVORFDWLRQV RI
WKHFKURPRVRPHWKDWFDQEHLGHQWL¿HGF\WRORJLFDOO\PD\FDXVHGLVHDVHE\
GLVUXSWLQJWKHSURFHVVRIELDVHGVWUDQGVHJUHJDWLRQ7KLVZD\WKHHSLDOOHOHV
ZLOO EH UDQGRPO\ GLVWULEXWHG WR VLVWHU FHOOV VXFK WKDW V\PPHWULFDO EUDLQ
KHPLVSKHUHVVKRXOGGHYHORS LQRI WUDQVORFDWLRQFDUULHUVFDXVLQJSV\





















(SLOHSV\ LV WKH PRVW FRPPRQ VHULRXV QHXURORJLFDO GLVRUGHU DQG DIIHFWV
EHWZHHQDQGSHU WKRXVDQGSHRSOH3V\FKLDWULFGLVRUGHUVDUHFRPPRQ
LQSDWLHQWVZLWKHSLOHSV\EHWZHHQDQGRISHRSOHZLWKHSLOHSV\KDYH
FRPPRQ PHQWDO GLVRUGHUV OLNH GHSUHVVLRQ RU DQ[LHW\ DQG EHWZHHQ  DQG




FRQYHQWLRQDO FODVVL¿FDWRU\ V\VWHPV VXFK DV '60 ,9 DQG WKDW WKLV SRVHV
GLDJQRVWLFFRPSOH[LWLHVLQERWKFOLQLFDQGUHVHDUFKHQYLURQPHQWV
,Q WKLV OHFWXUHZHZLOO UHYLHZ WKHHSLGHPLRORJLFDOHYLGHQFH LQ WKHDUHDRI
HSLOHSV\QHXURSV\FKLDWU\DQGXVHHYRFDWLYHGHVFULSWLRQVIURPWKHOLWHUDWXUH
DQGRXURZQFOLQLFDOSUDFWLFHWRGHVFULEHDQGFODVVLI\SV\FKLDWULFGLVRUGHUV
LQ HSLOHSV\ 7KH FOLQLFDO OLQNV EHWZHHQ VHL]XUHV SV\FKRSDWKRORJ\ DQG

















2EMHFWLYHV(PRWLRQDOO\ LQVWDEOH V\QGURPHV DUH D IUHTXHQW¿QGLQJ LQSD
WLHQWVZLWKRUJDQLFSHUVRQDOLW\GLVRUGHUVLQHSLOHSV\,QSDUWLFXODULQSDWLHQWV




HSLOHSV\7KHTXHVWLRQDULVHVDV WRZKHWKHU WKHUHPLJKWEHD OLQNEHWZHHQ
WKHVHFRQGLWLRQV
0HWKRGV$ V\VWHPDWLF OLWHUDWXUH UHYLHZKDV EHHQ SHUIRUPHG IRFXVLQJ RQ















2EMHFWLYHV7KHDVVRFLDWLRQRI WHPSRUDO OREHHSLOHSV\DQGGLIIHUHQW W\SHV
RISV\FKRVHVLVZHOOHVWDEOLVKHG:LWKUHJDUGWRWKHXQGHUO\LQJSDWKRSK\VL
RORJLFDO SURFHVV DZLGH UDQJH RI K\SRWKHVHV KDV EHHQ GLVFXVVHG UDQJLQJ
IURPRQJRLQJ OLPELF LFWDO VHL]XUHDFWLYLW\ WR WKHFRPSOHWHFHVVDWLRQRIDOO




JLFDOHYDOXDWLRQ LQFOXGLQJ LQWUDFUDQLDO UHFRUGLQJV IURP WKH WHPSRUDO OREHV
ZHUH LQYHVWLJDWHGZLWK UHJDUG WRSRVVLEOHFRUUHODWLRQVRI LQWHULFWDORU LFWDO
DFWLYLW\ZLWKWKHGHYHORSPHQWRIRYHUWSV\FKRWLFV\PSWRPV
5HVXOWV ,QYDVLYH UHFRUGLQJV SUHFHGLQJ SRVWLFWDO SV\FKRVLV DQG GXULQJ
ÀRULG SV\FKRVLV GLG QRW VKRZ VLJQL¿FDQW FKDQJHV LQ WKH UDWH RI LQWHULFWDO
GLVFKDUJHV7KHUHZDVQRRQJRLQJRWKHUZLVHVXEFOLQLFDOLFWDODFWLYLW\ZLWKLQ
WKHKLSSRFDPSXVRUDP\JGDORLGQXFOHXV2QWKHEHKDYLRUDOOHYHOKRZHYHU
SDWLHQWV WHQGHG WR KDYH ORQJHU SHULRGV RI SRVWLFWDO FRJQLWLYH LPSDLUPHQW
ZLWKVXFFHGLQJVHL]XUHVRIWKHFOXVWHUSUHFHGLQJSV\FKRWLFV\PSWRPV















,Q WKH HSRFK RI JOREDOLVDWLRQ ZKHUH FXOWXUDO SROLWLFDO DQG HFRQRPLF











WLRQV WRPRUDOSUREOHPVDUH±VR LW LVFODLPHG±YDOLGRQO\ UHODWLYH WR WKH
SDUWLFXODUVLWXDWLRQIRUZKLFKWKH\ZHUHGHYHORSHG,QGHHGLWLVFRUUHFWWKDW
WKHDFWXDOREMHFWRIWKHFRQÀLFWPD\EHKLJKO\GHSHQGHQWRQHJWKHFXOWXUH
LQZKLFKWKHFRQÀLFWDULVHV%XWDOWKRXJKLW LVRIWHQ WKHFDVH WKDWPDWHULDO
PRUDOFRQYLFWLRQVGRGLIIHUEHWZHHQWZRFXOWXUHVLWZLOOEHDUJXHGWKDWWKLV




















FODVVL¿FDWLRQ V\VWHPV VXFK DV WKH ,&' DQG'60KDYH ODUJHO\ REOLWHUDWHG
WKHSUREOHPRIGLDJQRVWLFKHWHURJHQHLW\LQFOLQLFDOWULDOV$QLQFUHDVLQJVHW




LQ WKHFRQWH[WRIZKLFKFOLQLFDO WULDOVDUHFXUUHQWO\SHUIRUPHG LV IDU IURP








:KHWKHU RU QRW VXFK GLIIHUHQFHV LPSDFW RQ WKH JHQHUDOL]DELOLW\ RI UHVXOWV
REWDLQHG IURP FOLQLFDO WULDOV XQGHUWDNHQ LQ GLIIHUHQW SDUWV RI WKHZRUOG LV












2EMHFWLYHV 7R GHVFULEH FRPPRQDOLWLHV DQG GLIIHUHQFHV LQ WKH LQIRUPHG
FRQVHQWSURFHVVEHWZHHQWKH86$DQG(XURSH
6XPPDU\ 'RXEOHEOLQG UDQGRPL]HG FOLQLFDO WULDOV 5&7V DUH WKH JROG
VWDQGDUG ZKHQ WHVWLQJ PHGLFDWLRQ HI¿FDF\ 7KH UHFUXLWPHQW RI VXEMHFWV
LQYROYHV WKH REWDLQLQJ RI LQIRUPHG FRQVHQW QRZ UHJDUGHG DV DQ RQJRLQJ
SURFHVV UDWKHU WKDQ D VLQJXODU HYHQW WKDW RFFXUV SULRU WR VWXG\ HQWU\7KH
SDUWLFLSDWLRQRISDWLHQWVZLWK VHULRXVDQGSHUVLVWHQWPHQWDOGLVRUGHUV VXFK




LQJSK\VLFLDQ UDLVHV WKH LVVXHRIFRHUFLRQ7KLVPD\EHDFFHQWXDWHGZKHQ
UHFUXLWLQJDPRQJIRUHQVLFSDWLHQWVRUSDWLHQWVZKRKDYHEHHQLQYROXQWDULO\
KRVSLWDOL]HG%HQH¿FHQFHLVVXHVLQFOXGHVWXG\GHVLJQDQGDFWLQJLQDPDQQHU
WR EHQH¿W WKH SDWLHQW 3D\PHQW IRU SDUWLFLSDWLRQ UDLVHV WKH LVVXH RI XQGXH
LQGXFHPHQW SDUWLFXODUO\ IRU KRVSLWDOL]HG SDWLHQWV ZKR KDYH QR PRQHWDU\
UHVRXUFHVWRGUDZIURP(YHQIRUWKRVHZLWK¿QDQFLDOUHVRXUFHVDQH[FHV
VLYHO\ DWWUDFWLYH SD\PHQW PD\ OHDG WR SRWHQWLDO VXEMHFWV H[HUFLVLQJ SRRU
MXGJPHQWDQGDJUHHWRSDUWLFLSDWHLQDSURMHFWWKDWLQYROYHVDULVNRIVHULRXV
KDUP7KLVPD\OHDGWRDODFNRIMXVWLFHZKHUHWKHGLVWULEXWLRQRIEHQH¿WV





XVH RI SODFHERFRQWUROOHG VWXG\ GHVLJQVZLOO DOVR EH GLVFXVVHGZLWKLQ WKH
FRQWH[WRIDXWRQRP\DQGFRQWLQXHGFDSDFLW\WRSURYLGHLQIRUPHGFRQVHQW
EHQH¿FHQFHQRQPDOH¿FHQFH DQG MXVWLFH :LWK PXOWLFHQWHU LQWHUQDWLRQDO












5HVXOWV 2YHU WKH ODVW GHFDGHV WKH GRFWULQH RI LQIRUPHG FRQVHQW DQG WKH
SULQFLSOHRIDXWRQRP\DUHRI LQFUHDVLQJ LQÀXHQFH LQSV\FKLDWU\+RZHYHU
WKHSKLORVRSKLFDOLGHDRIDXWRQRP\DQGDQDXWRQRPRXVSHUVRQKDVGLIIHUHQW
PHDQLQJ LQ FRQWLQHQWDO YHUVXV$QJOR6D[RQ SKLORVRSK\ )XUWKHUPRUH WKH
VWURQJSRVLWLRQRIDXWRQRP\LQ$PHULFDQPDLQVWUHDPELRHWKLFVOHDGVWRDQ





















.DW]- 'XW\RIFDULQJ LQ WKHDJHRI LQIRUPHGFRQVHQWDQGPHGLFDO
VFLHQFH8QORFNLQJSHDERG\¶VVHFUHW+XPDQ0HGLFLQH
9ROOPDQQ - :K\ GRHV ELRHWKLFV GHYHORS GLIIHUHQWO\ LQ *HUPDQ\"

























2EMHFWLYHV 7KH SV\FKRELRORJ\ RI SHUVRQDOLW\ DQG LWV GLVRUGHUV ZLOO EH
UHYLHZHG LQ RUGHU WR LOOXVWUDWH WKH VXEVWDQWLDO HYLGHQFH IRU JHQHJHQH DQG
JHQHHQYLURQPHQWLQWHUDFWLRQLQWKHGHYHORSPHQWRISHUVRQDOLW\SHUVRQDOLW\
GLVRUGHUVDQGRWKHUSV\FKRSDWKRORJ\
0HWKRGV 6WXGLHV RI WKH KHULWDELOLW\ RI QRUPDO SHUVRQDOLW\ WUDLWV DQG RI
SHUVRQDOLW\GLVRUGHUV LQJHQHUDOSRSXODWLRQVDPSOHVRI WZLQVDQGDGRSWHHV
ZLOO EH UHYLHZHG SDUWLFXODUO\ WKRVH XVLQJ &ORQLQJHU¶V 7HPSHUDPHQW DQG
&KDUDFWHU ,QYHQWRU\ 7&, 3RSXODWLRQEDVHG VWXGLHV RI JHQHJHQH DQG
JHQHHQYLURQPHQW LQWHUDFWLRQ ZLOO EH GHVFULEHG IRU 7&, 1RYHOW\ 6HHNLQJ
DQG'5'SRO\PRUSKLVPV)XQFWLRQDOEUDLQLPDJLQJVWXGLHVI05,3(7
































VLYHFRPSXOVLYHGLVRUGHU 2&'1 *LOOHVGH OD7RXUHWWH¶V6\QGURPH
*761 ERWK2&'DQG*761 RUQRUPDOFRQWUROVIUHHRI$[LV




WLRQQDLUHV LQFOXGLQJ WKH 734 ZDV DGPLQLVWHUHG$OO SDUWLFLSDQWV GRQDWHG
'1$VDPSOHVYLDEXFFDOVPHDUVDQGZHUHJHQRW\SHGIRU'5'+7//35
&207DQG0$2$




























DW WKH WLPHRISDUWLFLSDWLRQ LQ WKH VWXG\ZRPHQFXUUHQWO\ IXO¿OOHGDOO
IRXU'60,9FULWHULDIXO¿OOHGWKUHHIXO¿OOHGWZRIXO¿OOHGRQHDQG
QRORQJHUIXO¿OOHGDQ\
5HVXOWV 7KH$1KZRPHQZKR FXUUHQWO\ IXO¿OOHG WKUHH RU IRXU '60,9
FULWHULD VFRUHGKLJKHU WKDQ IHPDOH FRQWUROV RQ+DUP$YRLGDQFH +$ DQG







,9 FULWHULD GURSSHG7KH$1KZRPHQZKR KDG FRPSOHWHO\ UHFRYHUHG GLG































































































%HKDYLRXU LQ WKH WHVWVZDVVHQVLWLYH WRGUXJFKDOOHQJHVSDUWLFXODUO\ WKRVH
LQYROYLQJPDQLSXODWLRQRI'$	+7'UXJVVXFKDVWKH+7DJRQLVWV
2+'3$7	'2,KDGGLIIHUHQWHIIHFWVDFURVVWKHWHVWVVXJJHVWLQJPXOWLSOH












V\PSWRP VXFK DV$'+' VXEVWDQFH DEXVHPDQLD RU VFKL]RSKUHQLD7KH
XVHRIREMHFWLYHPHDVXUHVRI LPSXOVLYLW\PD\KHOS WR LGHQWLI\GLPHQVLRQV


















UHJDUGLQJZKLFKPHWKRGPD\ EHPRVW VHQVLWLYH WR LQGLYLGXDO LPSXOVLYLW\
GLIIHUHQFHVRIGLIIHUHQWSRSXODWLRQV7KLV VWXG\FRPSDUHVSHUIRUPDQFHRQ
UDSLGGHFLVLRQ DQG UHZDUGGLUHFWHG EHKDYLRUDOPHDVXUHV RI LPSXOVLYLW\ LQ
WZRJURXSVRIDGROHVFHQWV
0HWKRGV $ VLQJOH WHVWLQJ VHVVLRQ RI HDFK RI IRXU GLIIHUHQW LPSXOVLYLW\
WDVNVZDVFRPSOHWHGE\WZRJURXSVRIDGROHVFHQWVDJHVKRVSLWDOL]HG
LQSDWLHQWVZLWKGLVUXSWLYHEHKDYLRUGLVRUGHUVQ DQGFRQWUROVUHFUXLWHG




SODFHZLWKLQ  GD\V RI KRVSLWDOL]DWLRQ IRU WKH DGROHVFHQWVZLWK GLVUXSWLYH
EHKDYLRUGLVRUGHUV
5HVXOWV &RPSDUHG WR FRQWUROV WKH GLVUXSWLYH EHKDYLRU GLVRUGHU JURXS
H[KLELWHG KLJKHU FRPPLVVLRQ HUURU UDWHV ORZHU LQKLELWHG UHVSRQVH UDWHV
DIWHUDVWRSVLJQDODQGWZLFHDVPDQ\UHZDUGGLUHFWHGUHVSRQVHVHYHQDIWHU
,4GLIIHUHQFHVEHWZHHQWKHJURXSVZHUHWDNHQLQWRDFFRXQW:KHQWKHIRXU






















0HWKRGV 6XEVWDQFH DEXVLQJ VXEMHFWV DQG QRQGUXJ XVLQJ FRQWUROV XQ
GHUZHQW TXHVWLRQQDLUH DQG EHKDYLRUDO ODERUDWRU\PHDVXUHV RI LPSXOVLYLW\
$GGLWLRQDOO\VXEMHFWVDOVRFRPSOHWHGI05,DQG'7,VFDQV




DFWLYDWLRQ&RFDLQHGHSHQGHQW VXEMHFWV DOVRKDG D VLJQL¿FDQW UHGXFWLRQ LQ
ZKLWHPDWWHULQWHJULW\DVPHDVXUHGE\'7,LQWKHDQWHULRUFRUSXVFDOORVXP
ZKLFKLVWKHUHJLRQZKHUHIURQWDOFRUWLFDO¿EHUWUDFNVFURVV7KHUHGXFWLRQ







0RHOOHU )* 6WHLQEHUJ -/ 'RXJKHUW\ '0 1DUD\DQD 3$ .UDPHU
/$5HQVKDZ3) )XQFWLRQDO05, VWXG\ RIZRUNLQJPHPRU\ LQ
0'0$XVHUV3V\FKRSKDUPDFRORJ\
0RHOOHU )* +DVDQ .0 6WHLQEHUJ -/ .UDPHU /$ 'RXJKHUW\
'06DQWRV509DOGHV ,6ZDQQ$&%DUUDWW(61DUD\DQD3$
 5HGXFHG $QWHULRU &RUSXV &DOORVXP :KLWH 0DWWHU ,QWHJULW\ LV











$WWHQWLRQ GH¿FLW K\SHUDFWLYLW\ GLVRUGHU $'+' LV RQH RI WKHPRVW FRP












SRRUO\ XQGHUVWRRG7KHVH GUXJV DUH WKRXJKW WR DFW LQ WKH FHQWUDO QHUYRXV
V\VWHP &16 E\ HQKDQFLQJ GRSDPLQHUJLF DQG QRUDGUHQHUJLF QHXURWUDQV
PLVVLRQYLDDOWHUDWLRQRI WKHPRQRDPLQH WUDQVSRUWHU IXQFWLRQ0HWK\OSKH
QLGDWH UHYHUVLEO\ LQKLELWV XSWDNH DFWLYLW\ E\ FRPSHWLQJ ZLWK GRSDPLQH
DQG QRUDGUHQDOLQH IRU ELQGLQJ WR WKH WUDQVSRUWHUZKLOH DPSKHWDPLQH LV D
VXEVWUDWHIRUWKLVWUDQVSRUWHUDQGLQDGGLWLRQUHOHDVHVERWKQHXURWUDQVPLWWHUV
IURPYHVLFXODUVWRUDJH
















SV\FKLDWU\ DVZHOO 6RPH SDWLHQWV VXIIHULQJ IURP$'+' UHSRUW GLVWXUEHG



















2EMHFWLYHV 7R JLYH DQ RYHUYLHZ RI WKH QHXURPRUSKRORJLFDO DQG QHXUR
SK\VLRORJLFDOEDVLVRILPSXOVLYHEHKDYLRXUDQGUHVSRQVHFRQWURO
0HWKRGV5HYLHZRIVWXGLHVLQQRUPDOFRQWUROVSDWLHQWVZLWKEUDLQOHVLRQV
VFKL]RSKUHQLF DQG$'+'SDWLHQWVZLWK IXQFWLRQDO05, DQG HYHQW UHODWHG
SRWHQWLDOV
5HVXOWV 7KH EUDLQ DFWLYDWLRQ GXULQJ UHVSRQVH LQKLELWLRQ LQYROYHV IURQWDO
QHWZRUNVDQG LV UHODWHG WR WKHVHURWRQHUJLFV\VWHP$SDUWLFXODU UROH LVDW
WULEXWHGWRWKHULJKWIURQWDOOREH
&RQFOXVLRQV ,PSXOVLYLW\ LV D FRPSOH[ SKHQRPHQRQ ZKLFK LV SUHVHQW LQ
VHYHUDO SV\FKLDWULF FRQGLWLRQV 7KH XQGHUVWDQGLQJ RI WKH ELRORJLFDO EDVHV












6WUXFWXUDO05, DQG QHXURSK\VLRORJLFDO LQYHVWLJDWLRQV LQ$'+' IRFXV RQ
IURQWDOEUDLQUHJLRQVVWULDWXPDVZHOODVEUDLQVWHPDQGFHUHEHOODUUHJLRQV
0HWKRGV ,Q WKLV VWXG\ DGXOW SDWLHQWVZLWK$'+'DFFRUGLQJ WR WKH ,&'








*\UXV IURQWDOLVPHGLXV ERWK VLGHV RI WKH1XFOHXV FDXGDWXV OHIW /REXOXV
SDULHWDOLV VXSHULRU DQG ULJKW /REXOXV SDULHWDOLV LQIHULRU DV ZHOO DV DW WKH
OHIW*\UXVVXSUDPDUJLQDOLVZLWK LQFUHDVLQJSDWKRORJLFDO VFRUHV FRQGLWLRQ











5|VOHU 0 5HW] : 5HW]-XQJLQJHU 3 7KRPH - 6XSSULDQ 7 1LVVHQ 7
6WLHJOLW] 5' %ORFKHU ' +HQJHVFK*7URWW *(  ,QVWUXPHQWH ]XU
'LDJQRVWLN GHU $XIPHUNVDPNHLWVGH¿]LW+\SHUDNWLYLWlWVVW|UXQJ $'+6











2EMHFWLYHV 3HU GH¿QLWLRQ DIIHFW G\VUHJXODWLRQ LV RQHRI WKH FRUH GLPHQ
VLRQV RI SHUVRQDOLW\ GLVRUGHUV DQG WKH WDUJHW V\PSWRP RI D QXPEHU RI
SV\FKRWKHUDS\ WUHDWPHQW SURJUDPV +HUSHUW] HW DO   
3V\FKRSDWKRORJ\ RI ERUGHUOLQH SHUVRQDOLW\ GLVRUGHU %3' LV SDUWLFXODUO\




5HVXOWV ,Q D ¿UVW IXQFWLRQDO QHXURLPDJLQJ VWXG\ RXU JURXS UHSRUWHG
LQFUHDVHG DFWLYDWLRQRI WKHELODWHUDO DP\JGDOD DQGYHQWURODWHUDO SUHIURQWDO







&RQFOXVLRQV 'DWD SRLQW WR WKH FRQFOXVLRQ WKDW LQ %3' DUHDV DUH KLJKO\
DFWLYDWHGWKDWDUHHQJDJHGLQDIIHFWUHJXODWLRQSURFHVVLQJ$P\JGDODDFWLY


























































2EMHFWLYHV&OLQLFDO IHDWXUHVRI%3' LQFOXGH LQWHQVHDQG ODELOHDIIHFW LU
ULWDELOLW\LQDSSURSULDWHDQJHUDQGSDUR[\VPDOUDJHEHKDYLRXUDOG\VFRQWURO
WUDQVLHQW SDUDQRLG LGHDWLRQ XQVWDEOH LQWHUSHUVRQDO UHODWLRQVKLSV DQG DQ




FRJQLWLRQ GH¿FLWV LQ %3' 'LQQ HW DO  +HUSHW] HW DO 7KH
SUHVHQW VWXG\ IRFXVVHV RQ WKH QHXURSV\FKRORJLFDO DQG QHXURIXQFWLRQDO
FKDQJHVLQ%3'
0HWKRGV $ EURDG FOLQLFDO DQG QHXURSV\FKRORJLFDO WHVWEDWWHU\ DVVHVVLQJ
JOREDO IXQFWLRQLQJ DQG GLVWLQFW FRJQLWLYH GRPDLQV DV ZHOO DV ¿YH H[SHUL
PHQWDOSDUDGLJPVPHDVXULQJHPRWLRQGHSHQGHQWSURFHVVHVRIDWWHQWLRQDQG
PHPRU\ ZHUH LPSOHPHQWHG LQ %3' LQSDWLHQWV FRPSDUHG ZLWK PDWFKHG
KHDOWK\ FRQWUROV DQG GHSUHVVLYH SDWLHQWV 7KH HIIHFW RI LQKLELWLRQ DQG
PRGXODWLRQRQWKHLQWHUDFWLRQRIDIIHFWDQGFRJQLWLRQZDVFRPSDUHGWREDVLF
FRJQLWLYHIXQFWLRQLQJ
5HVXOWV 7KH %3' SDWLHQWV GLG QRW H[KLELW UHGXFHG LQWHOOLJHQFH ELW GLV
SOD\HG LPSDLUHG YLVXRFRQVWUXFWLYH YLVXRDQDO\WLF DQG YLVXDO PQHPRQLF
FDSDELOWLHV ,PSDLUPHQWV RI YHUEDOPHPRU\ DWWHQWLRQ DQG RWKHU H[HFXWLYH
IXQFWLRQVFRXOGQRWEHREWDLQHG$QDWWHQWLRQDODQGPQHPRQLFELDVEXWQR
HYDOXDWLYHELDVIRUQHJDWLYHVWLPXOLZDVIRXQGLQWKHEHKDYLRUDOSDUDGLJPV























2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ GLVRUGHU %3' LV DVVRFLDWHG ZLWK D
VSHFWUXP RI V\PSWRPV LQFOXGLQJ LPSXOVLYH EHKDYLRU DQG DIIHFWLYH LQVWD
ELOLW\ ,Q WKH ODVW\HDUVVWUXFWXUDOEUDLQDEQRUPDOLWLHV LQ WKH OLPELFV\VWHP




0HWKRGV 7KLV VWXG\ LQYHVWLJDWHV  SDWLHQWV ZLWK ERUGHUOLQH SHUVRQDOLW\
GLVRUGHU DQG  DJHPDWFKHG FRQWUROV 'LDJQRVLV DUH PDGH DFFRUGLQJ WR
'60,9FULWHULD&RPRUELGGLVHDVHVZKLFKDUHNQRZQWREHDVVRFLDWHGZLWK
DOWHUDWLRQVRI EUDLQ VWUXFWXUHV VXFK DV VFKL]RSKUHQLD DOFRKROGHSHQGHQF\
DQG DQRUH[LD DUH H[FOXVLRQ FULWHULD 05, LPDJHV DUH REWDLQHG  7HVOD
0DJQHWRP9LVLRQ6LHPHQVXVLQJDFRURQDU7DQGSURWRQGHQVLW\ZHLJKWHG
GXDOHFKRVHTXHQFH%UDLQYROXPHWU\LVSHUIRUPHGE\XVLQJWKHVHJPHQWD
WLRQ VRIWZDUH SURJUDP%5$,167KH KLSSRFDPSXV DQG WKH DP\JGDOD DUH
GHOLQHDWHGDVUHJLRQVRI LQWHUHVW*HQHWLFDQDO\VLVRISRO\PRUSKLVPRI WKH
+7UHFHSWRUVDQGWKH+7WUDQVSRUWHUDUHSHUIRUPHG
5HVXOWV7KH UHVXOWV VKRXOG GHPRQVWUDWH LI WKHUH DUH JHQHWLF GHWHUPLQDQWV
IRU WKHEUDLQ VWUXFWXUHRI%3'SDWLHQWV&RQFOXVLRQV&RQFOXVLRQVZLOOEH







6FKPDK &* 9HUPHWWHQ ( (O]LQJD %0 %UHPQHU -'  0DJQHWLF
UHVRQDQFH LPDJLQJRIKLSSRFDPSDO DQG DP\JGDODYROXPH LQZRPHQZLWK














%RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV FKDUDFWHUL]HG E\ D SHUYDVLYH
SDWWHUQ RI LQVWDELOLW\ LQ DIIHFW UHJXODWLRQ LPSXOVH FRQWURO LQWHUSHUVRQDO




IDFWRUV DQG DGYHUVH HYHQWV GXULQJ FKLOGKRRG VXFK DV SK\VLFDO DQG VH[XDO
DEXVH FRQWULEXWH WR WKHGHYHORSPHQWRI WKHGLVRUGHU'LDOHFWLFDO%HKDYLRU
7KHUDS\ DQG D SV\FKRG\QDPLF SDUWLDO KRVSLWDO SURJUDPKDYH EHHQ VKRZQ
WREHHIIHFWLYH LQ WUHDWLQJ WKHRXWRIFRQWUROSDWLHQWDQGGUXJWKHUDS\PD\
EH HIIHFWLYH E\ UHGXFLQJ GHSUHVVLRQ DQ[LHW\ DQG LPSXOVLYH DJJUHVVLRQ
0XFKPRUHUHVHDUFKLVQHHGHGLQWKHXQGHUVWDQGLQJDQGPDQDJHPHQWRIWKLV













1HXURLPDJLQJ UHVHDUFK LQ %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' VWDUWHG
DERXW  \HDUV DJR DQG WKH ODVW KDOI GHFDGH KDV EURXJKW DQ HQRUPRXV
LQFUHDVH LQVWUXFWXUDO LPDJLQJ UHVHDUFK7KLV UHVHDUFKKDVEHHQVWLPXODWHG
E\QHXURLPDJLQJLQYHVWLJDWLRQVLQ3RVWWUDXPDWLF6WUHVV'LVRUGHU376'DQG
%3'DUHERWKFKDUDFWHUL]HGE\VWUHVVIXO OLIHHYHQWVDQGV\PSWRPVRIERWK
GLVRUGHUV DUH WKRXJKW WR EH UHODWHG WR QHXURELRORJLFDO DOWHUDWLRQV EURXJKW
DERXWE\WUDXPDWLFH[SHULHQFHV&RQHTXHQWO\QHXURLPDJLQJPHWKRGRORJLHV
HJYROXPHWU\RIKLSSRFDPSXVDQGDP\JGDODKDYHEHHQWUDQVIHUUHGIURP
QHXURLPDJLQJ UHVHDUFK LQ 376' WR %3' 7KH UHVXOWV RI VWUXFWXUDO LPDJ
LQJ VWXGLHV DUH FRQVLVWHQWZLWK VPDOOHU KLSSRFDPSDO DVZHOO DV DP\JGDOD
YROXPHV LQDGXOWSDWLHQWVZLWK%3'7KH¿QGLQJRI UHGXFHGKLSSRFDPSDO
YROXPHLVFRQVLVWHQWZLWKPDQ\VWXGLHVLQ376'DP\JGDODYROXPHUHGXF
WLRQ KRZHYHU VHWV %3' DSDUW IURP 376' ZKHUH WKH DP\JGDOD VHHP WR












UHVRQDQFH VSHFWURVFRSLF 056 LQYHVWLJDWLRQ RI WKH DP\JGDOD WR IXUWKHU
VSHFLI\WKHQHXURFKHPLFDOQDWXUHRIWKHUHSRUWHGDEQRUPDOLWLHV
0HWKRGV8PHGLFDWHGIHPDOHSDWLHQWVZLWK%3'DQGJURXSPDWFKHGKHDOWK\
IHPDOH FRQWUROV ZHUH VWXGLHG 6KRUW HFKR DEVROXWH TXDQWL¿FDWLRQ VLQJOH






7KHUHZDV D QHJDWLYH FRUUHODWLRQ EHWZHHQ DP\JGDOD YROXPH DQG FUHDWLQH
FRQFHQWUDWLRQ$P\JGDOD FUHDWLQH FRQFHQWUDWLRQFRUUHODWHGSRVLWLYHO\ZLWK
PHDVXUHVRIDQ[LHW\
&RQFOXVLRQV7KLV LV WKH¿UVW VWXG\RI VLPXOWDQHRXV DP\JGDOD05,PRU
SKRPHWU\DQGVSHFWURVFRS\LQWKHQHXURSV\FKLDWULFOLWHUDWXUHGHPRQVWUDWLQJ
D SRVVLEOH OLQN EHWZHHQ DP\JGDOD YROXPH ORVV SV\FKRSDWKRORJ\ DQG D
















GLRJUDSK\ LPPXQRF\WRFKHPLFDOO\ JXLGHG PRUSKRPHWLUF TXDQWL¿FDWLRQ





GHFLVLRQPDNLQJ &KDQJHV LQFOXGH IHZHU WUDQVSRUWHU VLWHV DQGPRUH SRVW
























7KLV UHYLHZ RI QHXURLPDJLQJ ¿QGLQJV LQ DWWHPSWHG VXLFLGH SDWLHQWV GH
SUHVVHGQRQVXLFLGDOSDWLHQWV DQGKHDOWK\FRQWUROVZLOO VKRZ WKDW IURPD
QHXURDQDWRPLFDOSRLQWRIYLHZWKHUHLVQRZLQFUHDVLQJLQVLJKWLQWKHUROH
RISUHIURQWDOVXEFRUWLFDOFLUFXLWV LQ WKHGHYHORSPHQWRIVXLFLGDOEHKDYLRXU
















LRXU DQG WKH UHVXOWV RI IDPLO\ VWXGLHV WZLQ VWXGLHV DQG DGRSWLRQ VWXGLHV
VXJJHVW WKDW WKH\ LQFOXGH D JHQHWLF SUHGLVSRVLWLRQ0RUHRYHU WKLV JHQHWLF
VXVFHSWLELOLW\PD\EHVSHFL¿FDQGLQGHSHQGHQWRIWKHJHQHWLFVXVFHSWLELOLW\
WR SV\FKLDWULF GLVRUGHUV DVVRFLDWHG ZLWK VXLFLGDO EHKDYLRXU HJ ELSRODU
GLVRUGHUV VFKL]RSKUHQLD DQG DOFRKROLVP 6HYHUDO JURXSV KDYH FDUULHG
RXWDVVRFLDWLRQVWXGLHVXVLQJDÄFDQGLGDWHJHQHVWUDWHJ\³ZLWKWKHJRDORI
LGHQWLI\LQJWKHJHQHVLQYROYHGLQVXVFHSWLELOLW\WRVXLFLGDOEHKDYLRXU7KHUH






LHV VXJJHVW WKDW WKHJHQHFRGLQJ IRU WU\SWRSKDQK\GUR[\ODVHZKLFK LV WKH
VHURWRQLQV\QWKHVLVHQ]\PHDQGWKHVHURWRQLQWUDQVSRUWHUJHQHDUHLQYROYHG
LQVXVFHSWLELOLW\WRVXLFLGDOEHKDYLRXU)XUWKHUPRUHWKHVHJHQHVPD\LQÀX








































WRDV WKH³VXEFRUWLFDO´GHPHQWLDV LQZKLFKVORZLQJRI WKRXJKWDQGPRYH
PHQWSUHGRPLQDWH&OLQLFDOPDQLIHVWDWLRQVRI WKLVPDODG\ LQFOXGH IDWLJXH
PRRG GLVRUGHUV DSDWK\ DQG VRFLDO ZLWKGUDZDO GLI¿FXOW\ FRQFHQWUDWLQJ
SUREOHPV ZLWK UHDGLQJ DQG UHWHQWLRQ DQG KHDGDFKHV 1RW LQIUHTXHQWO\
DVVRFLDWHGVSLQDOFRUGDQGSHULSKHUDOQHUYHGLVRUGHUVUHVXOWLQJDLWLPSDLU




ZLWK D SURFHVV LQYROYLQJ WKH EDVDO JDQJOLD DQG GLVSOD\V PDQ\ IHDWXUHV
UHPLQLVFHQW RI 3DUNLQVRQ¶V GLVHDVH1RW VXUSULVLQJO\ WKH EDVDO JDQJOLD RI







DQG SV\FKRVLV PD\ GRPLQDWH WKH FOLQLFDO SLFWXUH 6HL]XUHV DQG XQXVXDO
PRYHPHQW GLVRUGHUV PD\ RYHUVKDGRZ RWKHU FRPSRQHQWV RI WKH GLVRUGHU






























YLUDO DQG KRVW IDFWRUV ,Q DGGLWLRQ 6,9LQIHFWLRQ OHDGV WR DFWLYDWLRQ RI
PLFURJOLDDQGQHXURFKHPLFDODEQRUPDOLWLHVVXFKDVGHFUHDVHGSRVWV\QDSWLF
OHYHOVRIGRSDPLQHDOUHDG\HDUO\LQWKHFRXUVHRIWKHGLVHDVHZKHQRQO\IHZ
LQIHFWHG FHOOV FDQ EH IRXQG LQ WKH EUDLQ+RZHYHU WKHVH HIIHFWV DUHPRUH
SURQRXQFHG LQ DQLPDOV ZLWK KLJK LQWUDWKHFDO YLUDO UHSOLFDWLRQ$FWLYDWLRQ
RI PLFURJOLD LV DVVRFLDWHG ZLWK WKH SURGXFWLRQ RI SRWHQWLDOO\ QHXURWR[LF
VXEVWDQFHV VXFKDV71)RUJOXWDPDWH ,QYLWURZHZHUHDEOH WR VXSSUHVV
71)V\QWKHVLVDQG6,9UHSOLFDWLRQLQPLFURJOLDE\DQWLLQÀDPPDWRU\GUXJV
7UHDWPHQW RI 6,9LQIHFWHG PRQNH\V ZLWK GRSDPLQHUJLF GUXJV UHVWRUHG
GRSDPLQH GH¿FLWV +RZHYHU KLVWRSDWKRORJLFDO DQDO\VLV UHYHDOHG YDFXROL


















2EMHFWLYHV +,9DVVRFLDWHG GHPHQWLD LV FKDUDFWHULVHG E\PRWRU FRJQL
WLYHDQGHPRWLRQDOGH¿FLWVWKHODWWHUHVSHFLDOO\FRPSULVLQJGLIIHUHQWIRUPV
RI GHSUHVVLRQ &OLQLFDO HOHFWURSK\VLRORJLFDO DQG QHXURLPDJLQJ ¿QGLQJV









DEXVHUV ZLWK DQWLUHWURYLUDO PHGLFDWLRQ KDYH EHHQ H[DPLQHG E\ FOLQLFDO










JURXS RI WUHDWHG ODWH VWDJH LH$,'6SDWLHQWV KDG WKH KLJKHVW SHUFHQW
































REVHUYHG WLPHSHULRGV±PRQWKV WR\HDUV ,QGHHG LW LVQRZSURSRVHG WKDW
$'&EHFRQVLGHUHGDVDFWLYHRULQDFWLYHDQGWKDWDFWLYHGLVHDVHEHIXUWKHUGL
YLGHGLQWRSURJUHVVLYHVWDEOHDQGUHJUHVVLYH,WLVQRZLPSRUWDQWWRGHYHORS











PD\ EH UHODWHG WR UHSHDWHGPLQRU FHUHEUDO LQVXOWV HYHQWXDOO\ RXWVWULSSLQJ
FRPSHQVDWRU\PHFKDQLVPV±WKHFRPSHQVDWRU\IDLOXUHPRGHO
&RQFOXVLRQV7KXV$'& LQ WKH HUD RI+$$57 LV DPXFKPRUH FRPSOH[
GLDJQRVLV7KHQHZSUREOHPRIDGGLWLRQDOFRQIRXQGV WR WKHGLDJQRVLV WKH




LQ WKH(UD RI+LJKO\$FWLYH$QWLUHWURYLUDO7KHUDS\ DQG WKH 3RVVLELOLW\ RI
1HZ)RUPVRI$'&$,'6VXSSO66
&\VLTXH/$%UHZ%-+DOPDQ0HWDO8QGHWHFWDEOHFHUHEURVSLQDO








&\VLTXH /$ 0DUXII 3 %UHZ %-  $QWLUHWURYLUDO WKHUDS\ LQ +,9
LQIHFWLRQ  DUH QHXURORJLFDOO\ DFWLYH GUXJV LPSRUWDQW" $UFK 1HXURO 

%- %UHZ %- 3HPEHUWRQ / %OHQQRZ . :DOOLQ $ +DJEHUJ /  











FKLDWULF VLGH HIIHFWV 136( 1HUYRXV V\VWHP DGYHUVH HIIHFWV KDYH EHHQ








FRUUHODWHGZLWK()9SODVPD OHYHOV)LQDOO\ LQ DSURVSHFWLYH VWXG\ZH LQ
YHVWLJDWHG LI()9QHXURSV\FKLDWULF VLGH HIIHFWVZHUHGXH WR DGLVWXUEDQFH
LQ VHURWRQHUJLF IXQFWLRQLQJ :H XVHG SODWHOHW DJJUHJDWLRQ DV DQ LQGLUHFW
PHDVXUHRIVHURWRQLQHIXQFWLRQLQJ
5HVXOWV ,Q WKH ¿UVW VWXG\ ORZHU OHYHO RI HGXFDWLRQ SDWLHQWV ZLWK PRUH
SK\VLFDO FRPSODLQWV VRPDWL]LQJ SDWLHQWV ZHUH DW JUHDWHU ULVN RI PRUH














0RUOHVH -) 4D]L 1$ *D]]DUG %* 1HOVRQ 05 1HYLUDSLQHLQGXFHG





























NLOOHG DW OHDVW SHRSOH ERWK7KDL DQGYLVLWRUV:LWKLQ DPRQWK





RULJLQDOO\ VWDELOL]HG IRU D SHULRG RI WLPH EXW EHFDPH H[DFHUEDWHG DIWHU
ZDWFKLQJRU OLVWHQLQJ WR WVXQDPLQHZV9HU\ IHZFDVHVZHUHGLDJQRVHGDV
DFXWHVWUHVVGLVRUGHU¿UVWHSLVRGHDIWHUH[SHULHQFLQJWKLVWUDXPDWLFHYHQW
7KRVHZKROLYHGLQ3KDQJ1JDDQG.UDELSURYLQFHVWKHDUHDVZRUVWKLWE\
WKH WVXQDPLZHUHDPRQJ WKH ODUJHVWJURXSZKRKDG VHYHUHPHQWDOKHDOWK






















HUVZHUHRXWHQMR\LQJ WKHEHDXWLIXOEHDFKHVRI3HQDQJZLWK WKHLU IDPLOLHV
DQG IULHQGV0DQ\ZHUH FXULRXV DERXW WKH CZKLWLVKµ DQG CEHDXWLIXOZDYHV
Ã WKDWZHUHDSSURDFKLQJWKHPDQGZHUHLQWULJXHGZKHQWKHZDYHVUHFHGHG
H[SRVLQJ VWUHWFKHVRIEHDFKZLWK VHD OLIH LQFOXGLQJ¿VKHV DQGSODQW IRUP
,QVHFRQGVKXJHZDYHVUHDFKLQJPHWUHVÃDVWDOODVFRFRQXWWUHHVµKLW
WKHPFRQVHFXWLYHO\DQGPDQ\RIWKRVHRQWKHEHDFKZHUHVXFNHGLQVZLUOHG
DURXQGDQGGLVDSSHDUHG IURP VLJKW&KLOGUHQSOD\LQJ DW WKHEHDFKHVZHUH
PRVWYXOQHUDEOHDQGZHUHXQDEOHWRZLWKVWDQGWKHIHURFLW\DQGSRZHURIWKH
ZDYHV6RPHDGXOWVZHUHDEOH WRKROGRQ WR WKHURFNV WUHHVDQGEUDQFKHV
DQG VXUYLYHG WR GHVFULEH WKHLU H[SHULHQFHV ,Q VRPH SDUWV RI 3HQDQJ WKH
ZDYHVODVKHGRXWDWKRXVHVDQGSURSHUW\KXUOLQJFDUVWHOHYLVLRQVDQGRWKHU
KRXVHKROGLWHPVDFURVVWKHURDGEHKLQGWKHEHDFKHVLQWRWKHKLOOV
:LWKLQ WKH¿UVWZHHNSULPDU\KHDOWKFDUHZRUNHUV LQ WKH LVODQGZHUHDFWL































3RVW GLVDVWHU SV\FKRORJLFDO LQWHUYHQWLRQV VKRXOG EH ÀH[LEOH DQG EDVHG
RQ DQG RQJRLQJ DVVHVVPHQW RI QHHGV 7KH HPRWLRQDO UHDFWLRQV VKRXOG EH
XQGHUVWRRGEDVHGRQWKHPDQLIHVWDWLRQRIYDULRXVVWUHVVUHDFWLRQVOHYHORI
LQGLYLGXDO HIIRUW LQYHVWHG E\ WKH SHRSOH IRU WKHLU RZQ UHFRQVWUXFWLRQ WKH
SDWWHUQDQGGHJUHHRIGLVDELOLW\DVDUHVXOWRIWKHVHSV\FKRORJLFDOVWUHVVHWF
























:LWKLQ WKH UHVFXHSKDVHDPHQWDOKHDOWKDVVHVVPHQW WHDPZDVVHQWE\ WKH
0LQLVWU\ RI +HDOWK WR GR UDSLG DVVHVVPHQW RIPHQWDO KHDOWK QHHGV RI WKH
VXUYLYRUV ,W ZDV D TXDOLWDWLYH DVVHVVPHQW XVLQJ D PRGL¿HG:+2 5DSLG
$VVHVVPHQWRI0HQWDO+HDOWK1HHGVRI5HIXJHHV 5$0+ WREHXVHG IRU
VXUYLYRUVRIGLVDVWHU
7ZRPRQWKVDIWHUWKHWVXQDPLDQRWKHUWHDPZDVVHQWWRGRHSLGHPLRORJLFDO






RI KHDOWK ZRUNHUV DQG LQIUDVWUXFWXUHV %XW PHQWDO KHDOWK V\VWHP ZDV QRW












1DWLRQDO 'LVDVWHU LQ DQ\ IRUP LV WKH RYHUZKHOPLQJ WUDXPDWLF VWUHVVRU
ZKLFK LQGXFHV PDQ\ W\SHV RI SV\FKRORJLFDO PDQLIHVWDWLRQV 0DMRULW\ RI
SHRSOH ZKR DUH H[SRVHG WR GLVDVWHUV PD\ MXVW KDYH LPPHGLDWH UHDFWLRQV
EXWRWKHUZLVHGRZHOOKRZHYHUVRPHKDYHEHKDYLRUDOFKDQJHVDQGGHYHORS
SV\FKLDWULFLOOQHVV
,QGLDKDV H[SHULHQFHG D ODUJHQXPEHURIPDQPDGH DQGQDWXUDO GLVDVWHUV
%KRSDO JDV WUDJHG\ HDUWKTXDNHV LQ/DWXU 0DKDUDVWUD DQG%KXM *XMUDW
LQWKHSDVWDQGUHFHQWO\WKH7VXQDPLGLVDVWHUVDUHIHZRIWKHP$OOWKHVHQRW
RQO\FDXVHGVLJQL¿FDQW¿QDQFLDODQGKXPDQORVHVEXWDOVRODUJHQXPEHURI
SK\VLFDO SV\FKLDWULF SV\FKRORJLFDO DQG EHKDYLRUDO FRQVHTXHQFHV 7KHVH
FRQVHTXHQFHVYDU\DFFRUGLQJWRWKHQDWXUHRIWKHGLVDVWHUV%HVLGHVFRPPRQ




WHUP SHUVSHFWLYH LV ODFNLQJ 7KHUH LV DPDVVLYH XSVXUJH RI JRRGZLOO DQG




















RI WKH XQIROGLQJ FRXUVH DQGRXWFRPHRI VFKL]RSKUHQLD%RWK GHYHORS DQG
UHVROYHLQVWDJHVDQGPD\EHSUHFHGHGE\SURGURPDOV\PSWRPV$FFRUGLQJ
WRWKHYXOQHUDELOLW\VWUHVVFRSLQJ96&PRGHOWKHSUREDELOLW\RIRFFXU




HW DO  D PXOWLFHQWHU VWXG\ RQ WKH RSWLPL]DWLRQ RI ORQJWHUP WUHDW
PHQW LQ ¿UVWHSLVRGH VFKL]RSKUHQLD LV FXUUHQWO\ FDUULHG RXW *DHEHO HW DO
5LVSHULGRQH DQG ORZGRVHKDORSHULGRO DUH FRPSDUHG LQ D WZR\HDU




ELZHHNO\ DVVHVVHGZLWK DQ LQYHQWRU\ LQFOXGLQJ  XQVSHFL¿F DQG VSHFL¿F
V\PSWRPV9XOQHUDELOLW\ LQGLFDWRUVZHUH FRJQLWLYH DQGPRWRU IXQFWLRQLQJ
HJ 707$% QHXURPRUSKRORJ\ 05, DQG SK\VLRORJ\ ((* $V




SDWLHQWV ,&' ) DIWHU WKHLU ¿UVW HSLVRGH KDYH EHHQ LQFOXGHG LQ WKH




ORZ GRVH PDLQWHQDQFH WUHDWPHQW 7KH LQWHUDFWLRQ EHWZHHQ YXOQHUDELOLW\
LQGLFDWRUV VWUHVV DQG FRSLQJ FRPSHWHQFH DQG WKHLU FRQWULEXWLRQ WR FRXUVH
DQGRXWFRPHZLOOEHDVVHVVHG
&RQFOXVLRQV'DWD UHFRUGHG LQ WKH SUHVHQW VWXG\ RIIHU WKH RSSRUWXQLW\ WR
H[SORUHWKHYDOLGLW\RIWKHFRQWHPSRUDU\96&0RGHODVHWLRSDWKRJHQHWLF





















RJ\ UHLQIRUFHV WKHQHHGRIDFRQWLQXRXVSV\FKRSDWKRORJLFDO LQYHVWLJDWLRQ







DIIHFWHG FRQVFLRXVQHVV RU FKURQLF GLVLQWHJUDWLRQ RI SHUVRQDOLW\ )RU
WKHVHFRQGJURXSSV\FKRSDWKRORJLFDOGHVFULSWLRQ LWZRXOGEHHQRXJK WR
FRPSOHWHO\ LGHQWLI\ WKHGLVRUGHU VLQFHQR FKDUDFWHULVWLFV RI GLVHDVH FRXOG
EHIRXQGH[YDULDWLRQVRQLQWHOOLJHQFHSV\FKRSDWKLFSHUVRQDOLWLHVDEQRU
PDO UHDFWLRQV RI DQ[LHW\ GHSUHVVLRQ HWF .XUW 6FKQHLGHU KDV DOORFDWHG
VFKL]RSKUHQLDLQWKH¿UVWJURXSLVWRVD\DVDGLVHDVH+RZHYHUDOWKRXJK
SURYLGLQJDSV\FKRSDWKRORJLFDOGHVFULSWLRQ6FKQHLGHUZDVQRWDEOHWRJLYH
HYLGHQFH RI D VRPDWLF EDVH IRU VFKL]RSKUHQLD ,QVWHDG RI WKDW KH VLPSO\





























DERXW LWV HWLRORJ\ DQG SDWKRJHQHVLV%HVLGH UHFHQWO\ GHVFULEHG ULVN JHQHV
WKHUHLVJRRGHYLGHQFHIRUEUDLQPRUSKRORJLFDODEQRUPDOLWLHVLQVFKL]RSKUH
QLD%HVLGHRYHUDOOUHGXFHGZKROHEUDLQYROXPHWKHUHLVHYLGHQFHIRUWKH
HQODUJHPHQW RI WKH YHQWULFOH V\VWHP DQG VLJQL¿FDQW YROXPH UHGXFWLRQV LQ
IURQWRWHPSRUDO UHJLRQV)DPLO\DQG WZLQVWXGLHVGHPRQVWUDWH WKDWDURXQG
RIWKLVYROXPHUHGXFWLRQLVDOUHDG\SUHVHQWLQ¿UVWGHJUHHUHODWLYHV




ZLWK ¿UVW EUDLQ VFKL]RSKUHQLD VHHP WR GHPRQVWUDWH YROXPH UHGXFWLRQV
RYHUWLPHVSHFL¿FDOO\LQFRUWLFDOPRUHVSHFL¿FDOO\LQIURQWDOUHJLRQVEHLQJ
FRQ¿QHG WR WKHJUH\ DQGQRW VRPXFK WR WKHZKLWHPDWWHU7KHVH¿QGLQJV
DUHGLVFXVVHG LQYLHZRI WKH UHFHQWO\GHVFULEHG ULVNJHQHVQHXUHJXOLQDQG















WHUP WUHDWPHQW VWUDWHJLHV LQ ¿UVW HSLVRGH VFKL]RSKUHQLD SDWLHQWV ZLWKLQ
WKH *HUPDQ 5HVHDUFK 1HWZRUN RQ 6FKL]RSKUHQLD *516 WKH SUHVHQW
VXESURMHFW DLPV DW  D ORQJLWXGLQDO DVVHVVPHQW RI QHXURSV\FKRORJLFDO
YXOQHUDELOLW\LQGLFDWRUVDQGDQLQYHVWLJDWLRQRIWKHUHODWLRQVKLSRIWKHVH
LQGLFDWRUVZLWKSURGURPDOV\PSWRPVDQGUHODSVHV7KLVVXESURMHFWIRFXVHV
RQ WKH SUHGLFWLYH SRZHU RI FRJQLWLYH LPSDLUPHQWV IRU WKH ULVN RI UHODSVH
DQGRQDFRPSDULVRQRI ULVN LQGLFDWRUVRI WKH¿UVWPDQLIHVWDWLRQZLWK ULVN
LQGLFDWRUV RI UHODSVHV LQ FRRSHUDWLRQZLWK D SDUDOOHO SURMHFW LQ KLJK ULVN





DW 7 7KHVH LPSDLUPHQWV DUH PRUH SURQRXQFHG WKDQ  EXW TXDOLWDWLYHO\
FRPSDUDEOHWR±WKHLPSDLUPHQWVIRXQGLQSURGURPDOVXEMHFWVEHIRUHWKHLU
¿UVW HSLVRGH 1HXUR¤SV\FKRORJLFDO LPSDLUPHQWV SURYH WR EH XQUHODWHG WR



















WKH YDOLGLW\ LV E\ ¿QGLQJ ELRORJLFDO PDUNHUV LQFOXGLQJ HQGRSKHQRW\SH













2EMHFWLYHV7R DVVHVV VLQJOHEOLQG WKH HI¿FDF\RI SV\FKRWURSLF DQDOJHVLF
QLWURXV R[LGH 3$1 IRU FRFDLQHZLWKGUDZDO LQPDQ 3UHYLRXVO\ZH KDYH
GHPRQVWUDWHG WKDW3$1DPHOLRUDWHV WKH VXEVWDQFHDEXVHZLWKGUDZDO VWDWHV
6$:6 LQFOXGLQJ DOFRKRO QLFRWLQH RSLRLGV FDQQDELV EHQ]RGLD]HSLQHV
















5HVXOWV RI WKH FDVHV UHVSRQGHGE\ D UHGXFWLRQRI V\PSWRP VFRUHV
RI RUPRUHZKLFK FOLQLFDO H[SHULHQFH KDV VKRZQ WR EH V\QRQ\PRXV
ZLWKREVHUYHGUHFRYHU\VXEMHFWVZHUHSODFHERUHVSRQGHUVZLWKRXWIXUWKHU
LPSURYHPHQWIROORZLQJ3$1VXEMHFWVZHUHQRWLPSURYHGE\SODFHEREXW





DQG RU2 DORQH )URP WKHZLWKGUDZDO VFDOH VFRUHV LW LV FOHDU WKDW WKHVH
SDWLHQWVZHUH LQPLOG WRPRGHUDWH FRFDLQHZLWKGUDZDO ,W LV WKHUHIRUH QRW
SRVVLEOH WR SUHGLFW WKH HIIHFWV RI3$1DQGRU2 DORQH LQ FDVHV RI VHYHUH





















IRUKLJK HWKDQRO (W2+FRQVXPSWLRQ± WKHKLJK DOFRKROGULQNLQJ +$'
DQGDOFRKROSUHIHUULQJ3OLQHV±WRWHVWWKHDELOLW\RI3$1WRVXSSUHVV(W2+
GULQNLQJLQDQDQLPDOPRGHO
0HWKRGV0DOH+$' DQG 3 UDWV REWDLQHG IURP WKH ,QGLDQD$OFRKRO5H
VHDUFK&HQWHU,QGLDQD8QLYHUVLW\ZHUH¿UVWWHVWHGIRUDOFRKROFRQVXPSWLRQ
GXULQJ D GD\ IRUFHG H[SRVXUH WR(W2+ DV WKH RQO\ ÀXLG VRXUFH WKH 
KLJKHVWGULQNLQJUDWV+$'DQG3ZHUHUHWDLQHG$OOVXEVHTXHQWDFFHVV






































QLWURXV R[LGH 3$1 IRU WUHDWLQJ DFXWH ZLWKGUDZDO VWDWHV IURP DEXVH RI
PHWKDTXDORQHVPRNHGZLWKFDQQDELVFDOOHGµZKLWHSLSH¶>:3@3UHYLRXVO\
ZHKDYHGHPRQVWUDWHGWKDW3$1DPHOLRUDWHVWKHVXEVWDQFHDEXVHZLWKGUDZDO












¿HG*URVV VFDOHZDVXVHGEHFDXVHZLWKGUDZDO IROORZLQJPHWKDTXDORQH LV






























































VKRZLQJ WKH ELDV DQG LJQRUDQFH RI WKHVH DFDGHPLFV:KLOH XVLQJ3$1 WR













WUHDWLQJ DOFRKRO ZLWKGUDZDO LQ DQ RXWSDWLHQW VHWWLQJ ,QW - 1HXURVFL 

*LOOPDQ0$	/LFKWLJÀHG)-(QODUJHG GRXEOHEOLQG UDQGRPLVHG WULDO RI























5HVXOWV &RQWHPSRUDU\ DGPLQLVWUDWLYH WHFKQLTXH FDQ \LHOG D YDULHW\ RI
RXWFRPHV7KLVSUHVHQWDWLRQZLOOIRFXVRQDVWHSE\VWHSPHWKRGWRDGPLQ
LVWHUQLWURXVR[LGHZKLOHDFFRXQWLQJ IRUSDWLHQWGLIIHUHQFHV ,QDGGLWLRQ WR
IXQGDPHQWDO SULQFLSOHV IRU DSSURSULDWH DGPLQLVWUDWLRQ DWWHQWLRQ ZLOO EH
JLYHQWRSUHRSHUDWLYHXQLWSUHSDUDWLRQSDWLHQWSDUWLFLSDWLRQSRVWRSHUDWLYH
SURFHGXUHVUHFRYHU\DVVHVVPHQWDQGUHFRUGNHHSLQJSURFHGXUHV
&RQFOXVLRQV1LWURXV2[LGH LV D XVHIXO DQG DGMXQFW IRUPXOWLGLVFLSOLQDU\
VSHFLDOWLHVLQPHGLFLQH
5HIHUHQFHV















SV\FKLDWU\ (J SURIRXQG DOWHUDWLRQV RI WKHVH QHXURELRORJLFDO V\VWHPV LQ
SV\FKLDWULF GLVRUGHUV OLNH GHSUHVVLRQ ZHUH UHSRUWHG LQ DGXOWV +RZHYHU
WKH LVVXH LI WKHVH DEQRUPDOLWLHV SUHFHGH WKH GHYHORSPHQW RI SV\FKLDWULF
GLVRUGHUVDQGPD\FRQWULEXWHWRWKHLGHQWL¿FDWLRQRIKLJKULVNVXEMHFWVHDUO\
LQOLIHVWLOOZDUUDQWVFODUL¿FDWLRQ,QRUGHUWRDVVHVV+3$V\VWHPIXQFWLRQLQJ
DQG VOHHS UHJXODWLRQ DV SRVVLEOH FDQGLGDWHV IRU SUHGLFWLRQ RI SV\FKLDWULF
GLVRUGHUV D FURVVVHFWLRQDO DQG ORQJLWXGLQDO VWXG\ZDV VWDUWHG LQ FKLOGUHQ




QLQJ RI.LQGHUJDUWHQZHUH HQUROOHG LQ D ¿UVW FURVVVHFWLRQDO H[DPLQDWLRQ
RI EDVDO DQG VWUHVVFKDOOHQJHG+3$V\VWHPDFWLYLW\DVVHVVHGE\ VDOLYD




DW WKLV DJH 0F$UWKXU 6WRU\ 6WHP%DWWHU\066% ,Q SDUDOOHO FKLOGUHQ¶V
SV\FKRORJLFDO DQG SV\FKRVRFLDO DVVHVVPHQW ZDV FDUULHG RXW DV GHVFULEHG
HOVHZKHUH
5HVXOWV%DVHOLQH+3$V\VWHPDFWLYLW\ZDVVLJQL¿FDQWO\ LQFUHDVHGLQJLUOV
ZKHQ FRPSDUHG WR ER\V S )XUWKHUPRUH KLJK PRUQLQJ FRUWLVRO
VHFUHWRUVSUHGLFWHGDKLJKKRUPRQDOUHOHDVHGXULQJWKH066%ZLWK±DJDLQ





SUREOHPV = S6OHHS UHFRUGLQJV UHYHDOHGVHYHUHGLVWXUEDQFHV
LQXSWRRIWKHLQYHVWLJDWHGFKLOGUHQZLWKQRJHQGHUGLIIHUHQFH3DUWLFX
ODUO\WKHVHVXEMHFWVKDGVLJQL¿FDQWO\LQFUHDVHGPRUQLQJFRUWLVROYDOXHVZKHQ
FRPSDUHG WRJRRGVOHHSHUV S0RUHRYHU WKH\VKRZHGVLJQL¿FDQWO\
HOHYDWHG VFRUHVRIG\VUHJXODWHGDJJUHVVLRQDQGRI DZRUVH IDPLO\ FOLPDWH
S
&RQFOXVLRQV7KHSUHVHQWUHVXOWVLQFKLOGUHQSRLQWWRDSRVVLEOHRFFXUUHQFH






















JHVWLQJ WKDW VOHHS DQG ELRORJLFDO UK\WKP UHJXODWLRQ DUH DJH GLVHDVH DQG
JHQGHUGHSHQGHQW 7KLV SUHVHQWDWLRQ ZLOO GLVFXVV RXU UHFHQW UHVHDUFK RQ











UHVWDFWLYLW\F\FOHVDQG ORZHUGDLO\ OLJKWH[SRVXUH LQ WKH\RXQJGHSUHVVHG
RXWSDWLHQWV &LUFDGLDQ DPSOLWXGH ZDV ORZHVW LQ GHSUHVVHG JLUOV UHJDUG






RVWDWLF FKDOOHQJH 1R HYLGHQFH RI KRPHRVWDWLF LPSDLUPHQW ZDV REWDLQHG
LQ GHSUHVVHGZRPHQ$PRQJ WKH FRQWURO VXEMHFWVZRPHQ DOVR VKRZHG D
























2EMHFWLYHV 6OHHS GHSULYDWLRQ LV WKH PRVW SRZHUIXO PHWKRG WR SURPRWH
VOHHS 'XULQJ WKH UHFRYHU\ QLJKW DIWHU VOHHS GHSULYDWLRQ VORZZDYH VOHHS
6:6 DQG UDSLGH\HPRYHPHQW VOHHS 5(06 LQFUHDVH DQG LQWHUPLWWHQW
ZDNHIXOQHVV GHFUHDVHV 'XULQJ VOHHS D ELGLUHFWLRQDO LQWHUDFWLRQ H[LVWV
EHWZHHQVOHHS((*DQGKRUPRQHVHFUHWLRQ1HXURSHSWLGHVZHUHGHOLQHDWHG
WR EH FRPPRQ UHJXODWRUV RI WKHVH FRPSRQHQWV RI VOHHS ,Q PDOH KXPDQ
VXEMHFWV DQG DQLPDOV JURZWK KRUPRQH*+UHOHDVLQJ KRUPRQH *+5+
VWLPXODWHV6:6DQG*+DQGEOXQWVWKHKRUPRQHVRIWKHK\SRWKDODPRSLWXL
WDU\DGUHQRFRUWLFDO+3$V\VWHP&RUWLFRWURSLQUHOHDVLQJKRUPRQH&5+
H[HUWV RSSRVLWH HIIHFWV7KHVH ¿QGLQJV VXJJHVW D UHFLSURFDO LQWHUDFWLRQ RI
*+5+DQG&5+LQVOHHSUHJXODWLRQ,QIHPDOHVKRZHYHU*+5+LPSDLUV
VOHHSDQGHQKDQFHV+3$KRUPRQHV3UHFOLQLFDOVWXGLHVVXJJHVWWKDW*+5+


































2EMHFWLYHV 3K\VLRORJLFDO V\VWHPV WKDW PDLQWDLQ RSWLPDO KHDOWK DQG ZHOO






:H UHFHQWO\ FRPSOHWHG D ODUJH UDQGRPL]HG WUDLO H[DPLQLQJ WKH HIIHFWV RI
FKURQLF *+5+ WUHDWPHQW RQ WKH VOHHS TXDOLW\ DQG FRJQLWLYH IXQFWLRQ RI
KHDOWK\ROGHUDGXOWV







LQFUHDVHG OHDQ ERG\PDVV a DQG GHFUHDVHG ERG\ IDW a SDUWLFX
ODUO\LQWUDDEGRPLQDOIDWaDOOVLJQL¿FDQWO\S1RVLJQL¿FDQW







VHFUHWLRQ DQG LPSURYHG ERG\ FRPSRVLWLRQ*+5+ GLG QRW LPSURYH VOHHS
TXDOLW\ SRVVLEO\ EHFDXVH RI WKH VKRUW GXUDWLRQ RI DFWLRQ PLQXWHV RI WKH
*+5+ IRUPXODWLRQ XVHG DQGRU WKH SUHEHG WLPLQJ a PLQXWHV RI LWV
DGPLQLVWUDWLRQ )LQDOO\ *+5+ WUHDWPHQW UHVXOWHG LQ VLJQL¿FDQW LPSURYH
PHQWaLQFRJQLWLYHIXQFWLRQVSDUWLFXODUO\WKRVHWKDWLQYROYHSUREOHP
VROYLQJDQGSV\FKRPRWRUSURFHVVLQJVSHHG7KHVHUHVXOWVGHPRQVWUDWHWKDW
DJHUHODWHG GHFOLQH LQ WKH VRPDWRWURSKLF D[LV DFWLYLW\ PD\ EH UHODWHG WR
DJHUHODWHGGHFOLQHLQFRJQLWLRQDQGWKDWVXSSOHPHQWDWLRQRIWKLVD[LVPD\
SDUWLDOO\DPHOLRUDWHVXFKFRJQLWLYHGHFOLQHVLQKHDOWK\QRUPDOROGHUDGXOWV
DQGSRWHQWLDOO\ LQ LQGLYLGXDOVZLWK LPSDLUHGFRJQLWLYH IXQFWLRQ LH0LOG
&RJQLWLYH,PSDLUPHQWDQG$O]KHLPHU¶VGLVHDVH
5HIHUHQFHV
9LWLHOOR HW DO*+5+'RHV1RW ,PSURYH WKH 6OHHS4XDOLW\ RI+HDOWK\
2OGHU$GXOWV6OHHS$EVW6XSSO$
















3RO\VRPQRJUDSKLF GDWD RI KHDOWK\ HOGHUO\ VXEMHFWV VKRZ WKDW VOHHS GXUD
WLRQLVGLPLQXLVKHGDQGSUHGRPLQDQWO\1RQ5(0VOHHSLQWHQVLW\LVUHGXFHG
ZKLOH WKH DPRXQW RI 5(0 VOHHS LV PDLQO\ SUHVHUYHG ,Q DGGLWLRQ DOVR
FRJQLWLYH SHUIRUPDQFH GHFUHDVHV ZLWK LQFUHDVLQJ DJH LQFOXGLQJ DWWHQWLRQ
DQGPHPRU\'HPHQWLD LV WKHPDMRU QHXURSV\FKLDWULF GLVHDVH RI ODWHU OLIH
DIIHFWLQJERWKFRJQLWLYHIXQFWLRQDQGVOHHS)URPDQLPDODQGKXPDQVWXGLHV
LW LVNQRZQWKDWGLVWLQFWVOHHS((*SDUDPHWHUVDUHFORVHO\DVVRFLDWHGZLWK
FRJQLWLYHSHUIRUPDQFH7KHUHIRUH WKH DOWHUDWLRQRI VOHHS LQ ODWHU OLIHPD\
KDYHDQLPSDFWRQFRJQLWLYHSHUIRUPDQFHRIVXEMHFWVDQGSDWLHQWV
0HWKRGV'DWDRI WZRVWXGLHVZLOOEHSUHVHQWHG$ UDQGRPL]HGGRXEOH
EOLQG SODFHER FRQWUROOHG VWXG\ HYDOXDWLQJ WKH HIIHFWV RI ]RSLFORQH DQG








,Q GHPHQWHG SDWLHQWV VOHHS FRQWLQXLW\ ZDV WUHPHQGRXVO\ GLVWXUEHG 3UH
GRPLQDQWO\ LQ SDWLHQWVZLWK GHPHQWLD RI$O]KHLPHU W\SH '$7 VOHHS UH
ODWHGEUHDWKLQJGLVRUGHUV65%'DQGSHULRGLFOHJPRYHPHQWVGXULQJVOHHS
3/06ZHUH IUHTXHQWO\ IRXQG DQG FORVHO\ UHODWHG WR WKH GLVWXUEHG VOHHS
SDWWHUQ)XUWKHUPRUH5(0VOHHSZDVUHGXFHGLQ'$7FRPSDUHGWRKHDOWK\
FRQWUROVDQGIURQWRWHPSRUDOGHPHQWLD
7UHDWPHQW ZLWK FKROLQHVWHUDVH LQKLELWRUV &KH, LQFUHDVHG 5(0VOHHS LQ
SDWLHQWVZLWK'$7EXWQRW LQRWKHU IRUPVRIGHPHQWLDZLWKRXWPDMRU LP
SURYHPHQWRIVOHHSFRQWLQXLW\
&RQFOXVLRQV$JHUHODWHGGLVWXUEDQFHRIVOHHSSDWWHUQDQGLPSDLUHGFRJQL

















WRUV ZKLFK FRQWULEXWHV WR VHL]XUHV DQG EUDLQ GDPDJH XSRQ HWKDQRO ZLWK





UHSRUWHG WR SRWHQWLDWH10'$ UHFHSWRU VLJQDOLQJ  LW FRXOG VHUYH DV DQ
HIIHFWRUSURWHDVHOLQNLQJPRGXODWLRQRI10'$UHFHSWRUVZLWKWKHGHYHORS
PHQWRIHWKDQROGHSHQGHQFH





DQDO\VHV ZHUH SHUIRUPHG LQ PLFH XQGHUJRLQJ HWKDQRO WUHDWPHQW(: DQG
FRPSDUHGZLWKHWKDQROQDwYHFRQWUROV
5HVXOWV:H IRXQG WKDW W3$ LV LQGXFHG LQ WKH OLPELF V\VWHPE\ FKURQLF
HWKDQROFRQVXPSWLRQ WHPSRUDOO\FRLQFLGLQJZLWKXSUHJXODWLRQRI10'$
UHFHSWRUV W3$ LQWHUDFWV ZLWK 15%FRQWDLQLQJ 10'$ UHFHSWRUV DQG LV
UHTXLUHGIRUXSUHJXODWLRQRIWKH15%VXEXQLWLQUHVSRQVHWRHWKDQROW3$
DOVR DFWLYDWHV SODVPLQRJHQ WR SODVPLQ DQG WKLV EURDG VSHFWUXP SURWHDVH
SURPRWHV QHXURQDO GHDWK$V D FRQVHTXHQFH W3$GH¿FLHQW PLFH KDYH UH
GXFHG15%DQG(5.SKRVSKRU\ODWLRQVHL]XUHVDQGQHXURGHJHQHUDWLRQ
DIWHU HWKDQROZLWKGUDZDO W3$PHGLDWHG IDFLOLWDWLRQ RI HWKDQROZLWKGUDZDO
VHL]XUHVLVDEROLVKHGE\DQ15%VSHFL¿F10'$DQWDJRQLVWLIHQSURGLO


















RXV V\VWHP VXSSUHVVDQW DPRQJ SV\FKRDFWLYH VXEVWDQFHV )ROORZHG E\
FDUGLRYDVFXODUGLVHDVHVDQGFDQFHUVLWLVEHFRPLQJWKHWKLUGVHULRXVSXEOLF
KHDOWK LVVXH LQ IRFXV /RQJWHUP FKURQLF DOFRKRO FRQVXPSWLRQ LV DVVRFL
DWHGZLWK UHJLRQDO VWUXFWXUDOEUDLQGDPDJHDQGFRJQLWLYHGH¿FLW LQFOXGLQJ
PHPRU\LPSDLUPHQW7KHUHFHQWGHYHORSPHQWRIQHZWRROVIRUVWUXFWXUDODQG
IXQFWLRQDOQHXURLPDJLQJDQGHOHFWURHQFKDJUDSKLF((*DSSURDFKHQDEOHV




























2EMHFWLYHV (PHUJLQJ HYLGHQFH VXJJHVW WKDW PDQ\ RI FOLQLFDO V\PSWRPV
REVHUYHG LQ DOFRKROLFV DUH OLNHO\ UHODWHG WR WKH HWKDQROLQGXFHG DOWHUDWLRQ
RI QHXURJHQHVLV 7KH SURFHVV RI QHXURJHQHVLV ZKLFK FRQWLQXHV WKURXJK




RI ( UDW HPEU\RV 7KH VXUYLYDO SUROLIHUDWLRQ PLJUDWLRQ DQG GLIIHUHQ
WLDWLRQ RI16&VZHUH DVVHVVHG E\077 DVVD\ %UG8 LQFRUSRUDWLRQ DVVD\
FKHPRWD[LVDVVD\DQGLPPXQRVWDLQLQJIROORZHGE\(/,6$0$3(/,6$
UHVSHFWLYHO\:H DOVR SHUIRUPHG:HVWHUQ EORW DQDO\VLV WR REVHUYH DOWHUD
WLRQVRIH[SUHVVLRQRILQWUDFHOOXODUPROHFXOHVWKDWPHGLDWHWUDQVPLVVLRQRI






WKH SURFHVV RI QHXURJHQHVLV 8QGHU WKH H[SHULPHQWDO FRQGLWLRQ ZH XVHG
ZKLFKLVUHODWLYHO\VSHFL¿FWRWKHLQGXFWLRQRIQHXURQVHWKDQROVXSSUHVVHG
QHXURQDO GLIIHUHQWLDWLRQ DW FRQFHQWUDWLRQV WKDW GLG QRW DIIHFW VXUYLYDO RI
16&V DQG QHXURQV ZKHUHDV LW LQFUHDVHG JHQHUDWLRQ RI DVWRF\WHV DQG ROL





















SRFDPSDO QHXURJHQHVLV LQ DGXOW &%O PLFH WKDW FRQVXPHG PRGHUDWH
OHYHOVRIHWKDQROaJNJGD\






HIIHFWV RQ FHOO VXUYLYDO WKH LQÀXHQFH RI QLQHZHHNV RI HWKDQRO LQWDNH RQ
WKHQXPEHURIGLYLGLQJSURJHQLWRU FHOOV DQGDOVR WRDQDO\]H WKHHIIHFWVRI
HOHYHQZHHNV RI HWKDQRO FRQVXPSWLRQ RQ FHOO VXUYLYDO DQG QHXURJHQHVLV








&RQFOXVLRQV :H FRQFOXGH WKDW YROXQWDU\ HWKDQRO LQWDNH E\ PLFH FDQ
LQFUHDVHQHXURJHQHVLV LQ WKHGHQWDWHJ\UXV7KHVHREVHUYDWLRQVDGG WR WKH
HPHUJLQJSLFWXUHRIGHQWDWHJ\UXVQHXURJHQHVLVDVDKLJKO\UHJXODWHGSURF
HVV6LQFHWKHUHZDVQRLQFUHDVHLQDSRSWRVLVFRQFRPLWDQWZLWKWKHHWKDQRO











































%HFDXVH RI WKH FKURQLF QDWXUH RI WREDFFR GHSHQGHQFH IXUWKHU WKHUDSHXWLF
WULDOVDLPHGWRSURPRWHVPRNLQJFHVVDWLRQVKRXOGKDYHDORQJWHUPGHVLJQ
VLPLODUWRWKDWXVHGWRWUHDWRWKHUFKURQLFGLVRUGHUVDQGVKRXOGFRPSDUHWKH






 +DOO 60 HW DO ([WHQGHG QRUWULSW\OLQH DQG SV\FKRORJLFDO WUHDWPHQW IRU
FLJDUHWWHVPRNLQJ$P-3V\FKLDWU\
 7D\ORU +D\V - HW DO 6XVWDLQHGUHOHDVH EXSURSLRQ IRU SKDUPDFRORJLF









2EMHFWLYHV1XPHURXV ELRORJLFDO WUHDWPHQWV IRU VWLPXODQW DGGLFWLRQ KDYH
EHHQHYDOXDWHG1RQHKDVEHHQDSSURYHG IRU WKLV LQGLFDWLRQE\ UHJXODWRU\
DXWKRULWLHVRUEHHQFRQVLVWHQWO\HIIHFWLYHLQFRQWUROOHGFOLQLFDOWULDOV






RU SKDVH , FOLQLFDO HYDOXDWLRQ LQFOXGH FRPSRXQGV HJ YDQR[HULQH >*%5
@ WKDWELQG WR WKHSUHV\QDSWLFGRSDPLQH WUDQVSRUWHUDPDMRUVLWHRI
DFWLRQIRUFRFDLQHDQWLERGLHVWKDWELQGFRFDLQHSHULSKHUDOO\WKXVSUHYHQW
LQJ LW IURP HQWHULQJ WKH EUDLQ FRFDLQH YDFFLQH HQKDQFHPHQW RI FRFDLQH




&RQFOXVLRQV 6HYHUDO DSSURDFKHV VKRZ SURPLVH IRU WKH WUHDWPHQW RI
VWLPXODQW DGGLFWLRQ EXW QRQH KDV \HW HDUQHG UHJXODWRU\ DSSURYDO IRU WKLV
LQGLFDWLRQ
5HIHUHQFHV









$JURZLQJ LQWHUHVW IRU WKHSUREOHPRIVH[XDODGGLFWLRQ LVHPHUJLQJPRUH
FDVHV DUH EURXJKW WR WKH DWWHQWLRQ RI SV\FKLDWULVWV &RPSXOVLYH VH[XDO
EHKDYLRU LV FKDUDFWHUL]HG E\ UHFXUUHQW DQG LQWHQVH VH[XDOO\ DURXVLQJ IDQ












UHODWHG WR WKH REVHVVLYH GHVLUH RI EX\LQJ FORWKHV RU RWKHU LWHPV WKDW DUH
QRW QHHGHG %X\LQJ FDQ EH VHHQ DV DQ DWWHPSW WR QHXWUDOL]H WKH DQ[LHW\
DQG GLVFRPIRUW FRPSDUDEOH WR FRPSXOVLRQV VHFRQGDU\ WR REVHVVLRQV 7KH
SDWWHUQ RI XQFRQWUROOHG EX\LQJ UHVHPEOHV WKH VHTXHQFH RI WKRXJKWV DQG
EHKDYLRUV DVVRFLDWHGZLWK2&'&RPSXOVLYHEX\LQJ LV DOVR UHODWHG WR WKH
VSHFWUXP RI DGGLFWLYH GLVRUGHUV %LRORJLFDO WUHDWPHQWV SURSRVHG WR WKHVH





3KDUPDFRORJLFDO WUHDWPHQW RI SDWKRORJLFDO JDPEOLQJ KDV EHHQ DVVHVVHG
E\ FRQWUROOHG VWXGLHV 1DOWUH[RQH KDV EHHQ WHVWHG LQ  SDWLHQWV YHUVXV




LQYROYH DQWLGHSUHVVDQW WKHUDS\ ZKHQ D PDMRU GHSUHVVLRQ LV DVVRFLDWHG WR
JDPEOLQJ /DVWO\ VRPH FDVHV RI SDWKRORJLFDO JDPEOLQJ DUH DVVRFLDWHG WR




















2EMHFWLYHV9LWDPLQ' 9' LV DQ LPSRUWDQW KRUPRQH UHJXODWLQJPLQHUDO
PHWDEROLVP ,W KDVEHHQ UHFHQWO\ UHFRJQL]HG DV DQHXURDFWLYH VWHURLGKRU
PRQHZLWKPXOWLSOHIXQFWLRQVLQWKHEUDLQ*DUFLRQHWDO.DOXHIIHW
DO,QKXPDQVYDULRXV9'UHODWHGGLVRUGHUVDUHRIWHQDFFRPSDQLHG





0HWKRGV  105, DQG  ) 105,[6 DGXOW PLFH Q  ZHUH








&RQFOXVLRQV 9'KDV VWURQJ GLUHFW DQWLHSLOHSWLF DFWLRQ LQ WKHPRGHO
RIFKHPLFDOO\LQGXFHGHSLOHSV\ LQPLFH7KLVHIIHFW ODVWVPLQKDIWHU
9' DGPLQLVWUDWLRQ DQG LV FRQVLVWHQW ZLWK QRQJHQRPLF UDWKHU WKDQ





























SV\FKLDWULF KLVWRU\ DV HVWDEOLVKHG E\ D VWUXFWXUHG FOLQLFDO LQWHUYLHZ IRU
'60,9ZHUHLQFOXGHGLQWKLVVWXG\




RI WKH UDGLRODEHOHG OLJDQG WKH\KDGEHHQJLYHQJWW VRGLXPSHUFKORUDWH
SHURV LQRUGHU WR UHGXFH >,@XSWDNH LQ WKH WK\URLGDQG VDOLYDU\JODQGV
&RQVHFXWLYHO\ PXOWLSOH 63(&7 VFDQV ZHUH SHUIRUPHG EHWZHHQ  DQG
 PLQXWHV SL XVLQJ D 6LHPHQV 0XOWLVSHFW  FDPHUD 5HFRQVWUXFWLRQ
ZDV SHUIRUPHG DSSO\LQJ¿OWHUHG EDFN SURMHFWLRQZLWK D%XWWHUZRUWK¿OWHU
FXWRII  RUGHU  LQ [PDWULFHV52,ZHUH GUDZQPDQXDOO\ RQ
WKH LQGLYLGXDO05, 7 FRYHULQJ WKHPLGEUDLQK\SRWKDODPXV IRU VSHFL¿F
ELQGLQJ DQG WKH FHUHEHOOXP DV UHIHUHQFH UHJLRQ 63(&7 VWXGLHV ZHUH UH
RULHQWDWHGWRWKH05,DQGWKH52,WHPSODWHZDVDSSOLHGWR63(&7VWXGLHV
:H JHQHUDWHG WLPHDFWLYLW\ FXUYHV IRU WKH 52, DQG FDOFXODWHG WKH UDWLR
FRXQWVWDUJHWFRXQWVFHUHEHOOXPPLQXV 9´DVDPHDVXUHIRUVSHFL¿F6(57





UHDFKHGPLQXWHV SL0HDQSHDN9´YDOXHZDV 6' 
IRUPLGEUDLQK\SRWKDODPXV$OOSHDN9´YDOXHVZHUHUHDFKHGPLQXWHV
SL6' 
&RQFOXVLRQV >,@$'$0LVD VSHFL¿F OLJDQG IRUTXDQWL¿FDWLRQRI6(57
E\PHDQVRI63(&7 LQYLYRDQGDYDOXDEOHQHXURLPDJLQJ WRRO LQ FOLQLFDO












((* DQG HQGRFULQH DFWLYLW\ LV ZHOO HVWDEOLVKHG$ NH\ UROH ZDV VKRZQ




SKLVP ,Q PDOHV QRQUDSLGH\HPRYHPHQW VOHHS 15(06 LQFUHDVHG DQG
ZDNHIXOOQHVVGHFUHDVHGGXULQJWKHQLJKWZKHUHDVRSSRVLWHVOHHSLPSDLULQJ




5HQLQ LVFOHDUO\ OLQNHGWR WKH15(06DQG5(06F\FOHV ,WVKRZVRVFLO
ODWLRQVRIDERXWPLQVWURQJO\OLQNHGWRWKH15(06DQG5(06F\FOHV
ZLWK LQFUHDVLQJ OHYHOV RI SODVPD UHQLQ DFWLYLW\ 35$ GXULQJ 6:6 DQG




VWXG\ LQFRQWUROV WR LQYHVWLJDWH WKH35$DQG WKH LQÀXHQFHVRI*+5+DQG
&5+RQJHQGHUDQGDJHDIWHUVOHHSGHSULYDWLRQ





VOHHSHQGRFULQHDFWLYLW\ZDV UHWHVWHG7KHQ WKH VXEMHFWV UHFHLYHGEHWZHHQ
 DQG  KRXUO\ EROXV LQMHFWLRQV RI HLWKHU SODFHER 3/  [  XJ
&5+ RU  [  XJ*+5+ DFFRUGLQJ WR D UDQGRPL]HG VFKHGXOH7KHUHE\
FDUHZDVWDNHQWRDKRPRJHQRXVGLVWULEXWLRQIRUJHQGHUDQGDJHZLWKLQHDFK
WUHDWPHQWJURXS




























2EMHFWLYHV %HKDYLRUDO DQG SV\FKRSDWKRORJLFDO V\PSWRPV DUH IUHTXHQW
DPRQJ SDWLHQWV ZLWK $O]KHLPHU¶V GLVHDVH $' 7KH\ DUH FRQVLGHUHG D











WKH UHGXFWLRQ RI QRFWXUQDO PRWRU DFWLYLW\ 6HFRQGDU\ RXWFRPH PHDVXUHV
ZHUHFKDQJHVLQ13,DQG126*(5VFRUHV
5HVXOWV 1RFWXUQDOPRWRU DFWLYLW\ ZDV UHGXFHGZLWK 'URQDELQRO DV FRP

































OLPELF DQGPRWRU FRUWLFDO DQG VXEFRUWLFDO ORRSV WKH LQDFWLYDWLRQ RI 671
YLD+)6PD\DIIHFWPRWRUDVZHOODVQRQPRWRUEHKDYLRXUDOIXQFWLRQV7KH
TXHVWLRQ DULVHV DV WRZKHWKHU SV\FKRWURSLF VHQVDWLRQV H[SHULHQFHG GXULQJ
671+)6ZRXOGKDYHUHLQIRUFLQJLPSDFWRQWKHEHKDYLRXU7KLVFRQFHUQLV
FRQVLGHUHGUHOHYDQWVLQFHLWLVNQRZQWKDWFRPPRQO\DEXVHGGUXJVHOLFLWLQJ
VLPLODU KHGRQLF HIIHFWV FDQ DFW DV SRVLWLYH UHLQIRUFHUV FRQWULEXWLQJ WR WKH




0HWKRGV &RQVHTXHQWO\ UDWV ZHUH WUDLQHG WR OHYHUSUHVV IRU LQWUDFUDQLDO
VHOIVWLPXODWLRQ,&66RIWKHOHIW671





















,Q WKLV IXQFWLRQDO QHXURLPDJLQJ H[SHULPHQW ZH SUHVHQW D JDPEOLQJ WDVN
SDUDGLJP LQZKLFK WKH ULVN DQGYDOXHRI UHZDUG DUHSUHFLVHO\ FRQWUROOHG
8VLQJ WKLV SDUDGLJPZH DVVHVV QHXURQDO UHVSRQVHVZLWKLQ KXPDQ UHZDUG
V\VWHP DGGLWLRQDOO\ WKHVH UHVSRQVHV DUH FRPSDUHG ZLWK ULVNWDNLQJ WUDLWV
DQGJDPEOLQJEHKDYLRU
0HWKRGV (OHYHQ KHDOWK\ YROXQWHHUVZHUH VFDQQHG XVLQJ IXQFWLRQDOPDJ
QHWLF UHVRQDQFH LPDJLQJ GXULQJ WKH SHUIRUPDQFH RI D JDPEOLQJ WDVNZLWK
¿QDQFLDOUHZDUGV
6HQVDWLRQVHHNLQJVFDOH6669ZDVXVHGWRDVVHVVWKHULVNWDNLQJEHKDYLRU
DQG D TXHVWLRQQDLUH IRU JDPEOLQJ EHKDYLRU .XU]IUDJHERJHQ ]XP*OFN
VVSLHOYHUKDOWHQ .)*ZHUH XVHG WR DVVHVV WKH JDPEOLQJ EHKDYLRU RI WKH
YROXQWHHUV
5HVXOWV ,Q WKH JURXS DQDO\VLV JDLQ YHUVXV ORVH FRQGLWLRQ DFWLYDWHG WKH
FRUSXV VWULDWXP FDXGDWH KHDG ELODWHUDOO\ ]YDOXH  S +LJK
JDLQYHUVXVVPDOOJDLQVRXWFRPHVDFWLYDWHGYHQWURODWHUDOSUHIURQWDOFRUWH[
]YDOXH S
:H IRXQG D QHJDWLYH FRUUHODWLRQ EHWZHHQ VXEMHFWLYH JDPEOLQJ LQWHQVLW\
.)*DQGULJKWU SDQGOHIWU SFRUSXVVWULDWDO






RFFXU DYDULDWLRQ LQ WKH UHVSRQVH WR UHZDUG WKDW LV FRUUHODWHG WR DGGLFWLRQ













2EMHFWLYHV 3URJUDPPHG FHOO GHDWK DQG LWVPRUSKRORJLFPDQLIHVWDWLRQ RI
DSRSWRVLV LV HVVHQWLDO PHFKDQLVP LQ DGXOW RUJDQLVPV WR PDLQWDLQ QRUPDO
FHOOXODUKRPHRVWDVLVDQGUHMHFWGHIHFWLYHFHOOV(WKDQROLVDSRVVLEOHSDWKR
JHQLFIDFWRULQGXFLQJDSRSWRVLV7KLVVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHWKH











DJH RI O\PSKRF\WHV ZLWK )DVUHFHSWRU H[SUHVVLRQ ZDV  DQG
 UHVSHFWLYHO\ S $IWHU  ZHHN WUHDWPHQW WKH WHQGHQF\




DQG LQFUHDVH RI FRQWHQW RI LWV DFWLYH SURGXFWV LQ WKH EORRG GDPDJLQJ WKH
PHPEUDQHLQWHJULW\DQGGHYHORSLQJDSRSWRVLVIHDWXUHV
5HIHUHQFHV














0HWKRGV ,Q D ORQJLWXGLQDO VWXG\ZH HYDOXDWHG WKH LPSDFW RI D RQH\HDU
VWLPXODQW WUHDWPHQW LQHLJKWFKLOGUHQZLWK$'+'DJHG WR\HDUVE\
VFDQQLQJ SDWLHQWV SULRU WR PHGLFDWLRQ 7 DQG DIWHU WKH\ KDG UHFHLYHG
PHWK\OSKHQLGDWH 03+ IRU RQH \HDU 7 (OHYHQ DJH DQG ,4PDWFKHG
KHDOWK\FRQWUROVZHUHDOVRVFDQQHGWZLFH6WUXFWXUDODQGHYHQWUHODWHGI05,





LQ WKH IURQWDO DQG WHPSRUDO FRUWLFHV ELODWHUDOO\ $W 7 KHDOWK\ FRQWUROV
VKRZHG D VLJQL¿FDQWO\ ODUJHU LQFUHDVH LQ*0YROXPH LQ WKH LQIHULRU WHP
SRUDO J\UXV [  \   ]  =  YR[HO DQG LQ WKH OHIW
FLQJXODWH J\UXV [   \    ]    =     YR[HO FRPSDUHG WR
PHGLFDWHG$'+'FKLOGUHQ,QFRQWUDVW$'+'FKLOGUHQVKRZHGDUHODWLYHO\
ODUJHULQFUHDVHRI*0YROXPHLQWKHULJKWVLGHGVXSHULRUIURQWDOJ\UXV[ 
\ ] = YR[HODQGWKHOHIWPLGGOHIURQWDOJ\UXV





$'+'FKLOGUHQ VKRZHGDQ LQFUHDVHRIQHXUDO DFWLYLW\ LQ WKH ULJKWPHGLDO
IURQWDOJ\UXV6LJQL¿FDQWJURXS[WLPHLQWHUDFWLRQHIIHFWVZHUHREVHUYHGLQ








QHLWKHU LPSURYHG WKHLUDWWHQWLRQDOSHUIRUPDQFHQRUGLG WKH\VKRZDQDJH

















&RPSDULVRQ 5HJLRQ 6LGH [\] N =VFRUH
&RQWUROV77 &DXGDWH / ±  
&HUHEHOOXP3RVWHULRU/REH 5 ±  
$'+'7±7 0HGLDO)URQWDO*\UXV 5   
&RQWUROV77!$'+'77 $QWHULRU&LQJXODWH*\UXV /   
&HUHEHOOXP3RVWHULRUOREH / ±  
$'+'77!&RQWUROV77 6XSHULRU7HPSRUDO*\UXV 5   













7KLV VWXG\ZDVGHVLJQHG WR LQYHVWLJDWHDOWHUDWLRQVRI'1$PHWK\ODWLRQ LQ
SDWLHQWVZLWKDOFRKROLVPIRFXVVLQJRQWKH$6SURPRWRU
0HWKRGV'1$RIPDOHSDWLHQWVZLWKDOFRKROGHSHQGHQFHZDVH[WUDFWHG














&RQFOXVLRQV 2XU GDWD KLQW WR D VXEVHTXHQW GHUDQJHPHQW RI HSLJHQHWLF
FRQWUROLQSDWLHQWVVXIIHULQJIURPFKURQLFDOFRKROLVP$QLQFUHDVHGJHQRPLF
'1$PHWK\ODWLRQVWDWXVPLJKWKDYHLPSRUWDQWLPSOLFDWLRQVIRUXQGHUVWDQG
















2EMHFWLYHV$LP RI WKLV SURVSHFWLYH LQYHVWLJDWLRQZDV WR H[DPLQH D SRV










F\VWHLQH VHUXP OHYHOV 0DQQ:KLWQH\8 S  WKDQ SDWLHQWV ZLWKRXW
FRJQLWLYHGH¿FLWVZKLOH WKHGLIIHUHQFHRI WKHEORRGDOFRKRO FRQFHQWUDWLRQ
ZDV QRW VLJQL¿FDQW 8VLQJ ORJLVWLF UHJUHVVLRQ DQDO\VLV FRJQLWLRQ GH¿FLWV
ZHUHEHVWSUHGLFWHGE\KLJKKRPRF\VWHLQHVHUXPOHYHOV:DOGȤ 25
 &,  SZKLFKZDV FRQ¿UPHGZLWK5HFHLYHU
2SHUDWLQJ&XUYHV$8& &, S 
&RQFOXVLRQV 2XU UHVXOWV SURYLGH ¿UVW HYLGHQFH IRU DQ DVVRFLDWLRQ  DQG
SRVVLEO\DSDWKRSK\VLRORJLFDOUROHRIWKHDOFRKROLVPDVVRFLDWHGK\SHUKR




















V\QWKHVLVRQ LPSXOVLYHDQGDJJUHVVLYHEHKDYLRUDQG WKHLUPXWXDO UHODWLRQ
VKLSE\XVLQJWKHPHWKRGRIUDSLGWU\SWRSKDQGHSOHWLRQ57'
0HWKRGV$Q DFXWH UHGXFWLRQ RI FHQWUDO +7 V\QWKHVLVZDV DFKLHYHG E\
DGPLQLVWHULQJWKH57'7HVW0RMD'H0RMDHWDOGUXJIUHHER\V
DJHGPHDQ\UVZLWK$'+'UHFHLYHG WKH57'7HVW0RMD'H
VHYHQ WU\SWRSKDQIUHH DPLQR DFLGV >$$@ DQG D SODFHER FRQVLVWLQJ RI WKH
$$PJNJ/753ERWKGRVHGDFFRUGLQJWRERG\ZHLJKW>JNJ
'HPLVFK HW DO  @ LQ D GRXEOHEOLQG ZLWKLQVXEMHFW FURVVRYHU
GHVLJQ UHVXOWLQJ LQ D GHFUHDVH RI /753 LQÀX[ LQWR WKH EUDLQ RI DSSUR[
$QDVVHVVPHQWRI LPSXOVLYLW\ ,03(\VHQFNV ,9(DQGDJJUHVVLRQ
$**&KLOG%HKDYLRU&KHFNOLVW WRRNSODFH LQDGYDQFH)RXUKRXUV
DIWHU 0RMD'HSODFHER LQWDNH DJJUHVVLYH UHVSRQVH ZDV UDWHG XVLQJ D









$129$ZLWKUHSHDWHGPHDVXUHVS ) GI LQGLFDWHG
,GHQWLFDOFDOFXODWLRQVEHWZHHQDJJUHVVLRQDQG¨36UHPDLQHGLQVLJQL¿FDQW
8QGHUSODFHERFRQGLWLRQDVLJQL¿FDQWSRVLWLYHFRUUHODWLRQEHWZHHQ,03S 
5[\ $**S 5[\ DQG36LQGLFDWHGDQLPSXOVLYH
DQGDJJUHVVLYHUHVSRQVHLQWKHUHDFWLRQWLPHJDPH
&RQFOXVLRQV 7KH GHJUHH RI UHDFWLYH DJJUHVVLRQ SURYRNHG E\ 3HOKDPV
UHDFWLRQWLPH JDPH LV UHODWHG VLJQL¿FDQWO\ WR LPSXOVLYLW\ /RZ LPSXOVLYH











LPSDFW RI JHQGHU DQG ERG\ZHLJKW (XURSHDQ$UFKLYHV RI 3V\FKLDWU\ DQG
&OLQLFDO1HXURVFLHQFHV6XSSO,
'HPLVFK/=HSI)6FKPLWW0'HPLVFK'/DQGJUDI06WDGOHU&3RXVWND
) ([SHULPHQWDOO\ LQGXFHG UHGXFWLRQRIFHQWUDO VHURWRQLQV\QWKHVLV
E\XVLQJWKHÄ5DSLG7U\SWRSKDQ'HSOHWLRQ7HVW³57'LQDFFRUGDQFHZLWK






3HOKDP:( 0LOLFK 5 &XPPLQJV (0 0XUSK\ '$ 6FKDXJKHQF\ ($
DQG *UHLQHU $5  (IIHFWV RI EDFNJURXQG DQJHU SURYRFDWLRQ DQG
PHWK\OSKHQLGDWH RQ HPRWLRQDO DURXVDO DQG DJJUHVVLYH UHVSRQGLQJ LQ DW































5HVXOWV $JH DW RQVHW ZDV UHWURVSHFWLYHO\ DVFHUWDLQHG ZLWK EHVW HVWLPD
WLRQ SURFHGXUHV +RPR]\JRWHV IRU WKHZLOG YDULDQW 77 VKRZHG DQ HDU
OLHUDJHDWRQVHWWKDQFDUULHUVRIWKHPXWDQWDOOHOHUHVSHFWLYHO\77Q 
PHDQ6'DJHDWRQVHW7&Q DQG&&Q 
 DQG WKLV GLIIHUHQFH LV KLJKO\ VLJQL¿FDQW )  GI 
S 
+RPR]\JRWHV IRU WKH PXWDQW DOOHOH RI *6.ȕ SURPRWHU  7& 613
VKRZHG D ODWHU RQVHW RI ELSRODU LOOQHVV DQG EHWWHU DFXWH HIIHFWV RI 76'
WUHDWPHQW RQ SHUFHLYHGPRRG DV UDWHG RQ9$6 2YHUDOO WKHVH REVHUYD
WLRQVVXJJHVWDSURWHFWLYHUROHIRUWKLVJHQRW\SHLQUHVSHFWWRELSRODULOOQHVV
























DIIHFWHG E\ D PDMRU GHSUHVVLYH HSLVRGH+\SRWKHVLV WHVWHG DQWLGHSUHVVDQW
UHVSRQVHWR76'PD\EHSDUDOOHOHGE\FKDQJHVLQQHXUDOUHVSRQVHRIULJKW
%$WRHPRWLRQDOO\WXQHGVWLPXOL












5HVXOWV %$ EDVHOLQH DFWLYLW\ ZDV QRW FRUUHODWHG ZLWK PRRG OHYHOV
5HVSRQVH WR WUHDWPHQWZDV SDUDOOHOHG E\ DQ LQFUHDVHG QHXUDO UHVSRQVH WR
HPRWLRQDOVWLPXOL$FWLYLW\ZDVFRUUHODWHGZLWKSHUFHLYHGPRRG¿JXUH













)LJXUH  &RUUHODWLRQ EHWZHHQ SHUFHLYHG PRRG OHYHOV PHDQ GDLO\ 9$6 VFRUHV \
D[LVDQGQHXUDOUHVSRQVHWRQHJDWLYH$RUSRVLWLYH%VWLPXOLLQULJKWGRUVRODWHUDO

















$FFRUGLQJ WRD UHFHQW WKHRU\GHSUHVVLRQ LVDGH¿FLWRIQHXURQDOSODVWLFLW\
UDWKHU WKDQ RI LQVXI¿FLHQW QHXURWUDQVPLWWHU FRQFHQWUDWLRQV LQ WKH V\QDSWLF
FOHIW,WLVSRVWXODWHGWKDWDGHFUHDVHRIJURZWKIDFWRUFRQFHQWUDWLRQVFDXVHV
LQVXI¿FLHQW D[RQDO VSURXWLQJ QHXURQDO GDPDJH UHSDLU DQG QHXURWUDQVPLV
VLRQ :H DQDO\VHG WKH H[SUHVVLRQ RI %'1) &17) 17 1*) E)*)






SXOVHV DW +HUW] 7HVOD4XDQWLWDWLYH3&5ZDV SHUIRUPHGRQ









RI177KH LQFUHDVHRI7*)ȕ LQ3&FHOOVRQ WKHSURWHLQ OHYHOZDV
LQGHSHQGHQWO\FRQ¿UPHGE\DQLPPXQRDVVD\
&RQFOXVLRQV706FDXVHG VSHFL¿FHIIHFWVRQJURZWK IDFWRU H[SUHVVLRQ LQ
WKUHHGLIIHUHQWFHOOW\SHV3&FHOOVDPRGHOIRUFDWHFKROLQHUJLFQHXURQV
VKRZHGDVLPLODULQFUHDVHRI%'1)DVUHSRUWHGHDUOLHUIURP(&7DQGDQWL





WKH\ UDWKHU VKRZHG D UHGXFWLRQ LQ %'1) DQG 17 7KHVH REVHUYDWLRQV




 *UXQKDXV / HW DO 5HSHWLWLYH WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ LV DV




















0HWKRGV)LIW\IRXU ULJKWKDQGHGSDWLHQWVZHUH LQFOXGHG LQ WKH VWXG\$OO
SDWLHQWVZHUH VXIIHULQJ IURPD VHYHUHDQGGUXJ UHVLVWDQWPDMRUGHSUHVVLYH








HSLVRGHZKLOH  VXEMHFWV ZHUH QRQ UHVSRQGHUV ,Q WKH 07 JURXS




07DQGVKDPJURXSVFKLVTXDUHG GI S ZKLOHQRVLJQL¿
FDQWGLIIHUHQFHZDVIRXQGFRPSDULQJ07YHUVXVVKDPVWLPXODWLRQFKL
VTXDUHG GI S %HWZHHQWKHWZRDFWLYHJURXSVDPDUJLQDOO\
VLJQL¿FDQW WUHQG WRZDUGV VLJQL¿FDQFHZDVREVHUYHG FKL VTXDUHG GI
 S 
)LJXUH  VKRZV +$0' VFRUH UHGXFWLRQ RYHU WLPH LQ WKH WKUHH JURXSV
7KH GLIIHUHQFH DPRQJ WKHP VWDUWHG WR EH VLJQL¿FDQW DW WKH HQG RI WKH
¿UVW ZHHN RI 706 WUHDWPHQW $129$ )  GI  S 
VKRZLQJ VWDWLVWLFDOO\ VLJQL¿FDQW DGYDQWDJH IDYRXULQJ WKH  VWLPXOD
WLRQ JURXS RYHU WKH VKDP RQH /6' SRVWKRF  7KH VLJQL¿FDQFH
LQFUHDVHG RYHU WLPH DV UHYHDOHG E\ WKH WLPH [ JURXS LQWHUDFWLRQ DW WKH
$129$5 )  GI  S IRU WKH +$0' VFRUHV 7KH
/6' SRVWKRF WHVW KLJKOLJKWHG D VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH
 07 JURXS DQG WKH VKDP RQH S   VLPLODUO\ WKHUH ZDV





&RQFOXVLRQV 2XU ¿QGLQJ VXJJHVWV WKDW OHIW SUHIURQWDO U706 LQ WKH KLJK



















LPSOLFDWHG LQ WKHSDWKRJHQHVLVDQG WUHDWPHQWUHVSRQVHRIELSRODUGLVRUGHU
7KHDLPRIWKLVVWXG\ZDVWR¿QGDSRVVLEOHDVVRFLDWLRQRI7&SRO\PRU
SKLVP RI *6.ȕ JHQH DQG ELSRODU GLVRUGHU DQG WR DQDO\]H UHODWLRQVKLS
EHWZHHQ OLWKLXP UHVSRQVH DQG *6.ȕ JHQRW\SH LQ WKH JURXS RI ELSRODU
SDWLHQWV
0HWKRGV:HDQDO\]HGQ ELSRODUSDWLHQWVPDOHDQGIHPDOH
DQG Q  VXEMHFWV IURP WKH FRQWURO JURXS  PDOH DQG  IHPDOH
&RQVHQVXVGLDJQRVLVE\DWOHDVWWZRSV\FKLDWULVWVZDVPDGHIRUHDFKSDWLHQW




QRQH *HQRW\SHV ZHUH HVWDEOLVKHG E\ 3&55)/3 PHWKRG ,Q VWDWLVWLFDO
DQDO\VLV ZH XVHG 3HDUVRQ¶V FKLVTXDUH WHVW DQG )LVKHU¶V H[DFW WHVW 7KH
UHVXOWVZHUHFRQ¿UPHGE\VWHSZLVHORJLVWLFUHJUHVVLRQDQDO\VLV
5HVXOWV$ VOLJKW WUHQG WRZDUGV KHWHUR]\JRXV7&JHQRW\SHZDV IRXQG LQ
WKHZKROH JURXSRI ELSRODU SDWLHQWV S  GI  Ȥ  DQG LQ WKH
















2EMHFWLYHV'HSUHVVLRQ LV D FRPPRQPHQWDO GLVRUGHUZLWK NQRZQ FRJQL
WLYHGH¿FLWVEXW OLWWOH LVNQRZQDERXW WKHUHODWLRQVKLSEHWZHHQGHSUHVVLRQ
DQG GULYLQJ DELOLW\ 'HSUHVVLRQ SHU VH DQG DQWLGHSUHVVDQW WUHDWPHQW PD\
ERWK FDXVH GULYLQJ LPSDLUPHQW GXULQJ WKH RQVHW RI WUHDWPHQW EXW WKHVH
HIIHFWVPD\DOVRPLWLJDWHRYHUWLPHDVDIXQFWLRQRIWROHUDQFHRUWKHUHOLHI
RI GHSUHVVLRQ7KHSUHVHQW VWXG\ DLPHG WR DVVHVV WKH HIIHFWV RI ORQJWHUP
DQWLGHSUHVVDQW WUHDWPHQW RQ DFWXDO GULYLQJ SHUIRUPDQFH DQG FRJQLWLRQ RI
GHSUHVVHGSDWLHQWV
0HWKRGV $FWXDO GULYLQJ SHUIRUPDQFH DQG +DPLOWRQ 'HSUHVVLRQ 5DWLQJ
6FDOH VFRUH +'56VFRUH ZDV DVVHVVHG LQ GHSUHVVHG SDWLHQWV ZLWKRXW














7KH WLPH WR VSHHG DGDSWDWLRQ LQ WKH FDU IROORZLQJ WHVW ZDV LPSDLUHG LQ
SDWLHQWVUHFHLYLQJ665,WUHDWPHQWIRUZHHNVFRPSDUHGWRKHDOWK\FRQ
WUROV$YHUDJH&ULWLFDO )OLFNHU )XVLRQ WKUHVKROGZDV VLJQL¿FDQWO\ UHGXFHG
















V\VWHP LQ WKH HWLRORJ\ RI VFKL]RSKUHQLD HVSHFLDOO\ FRQWULEXWLRQ RI WKH
+ UHFHSWRUV WR GH¿FLW V\PSWRPV DQG DOVR WR DGYHUVH HIIHFWV RI DW\SLFDO
DQWLSV\FKRWLFV HVSHFLDOO\ZHLJKW JDLQ:HKDYH WKHUHIRUH VHOHFWHG+ UH
FHSWRUJHQHDVDFDQGLGDWHJHQHDQGH[DPLQHGLWVVL[SUHYLRXVO\GHVFULEHG
SRO\PRUSKLVPV &7 $VS*OX $* 3KH¨ /HX6HU
/\V$VQLQWKHSRSXODWLRQRIWKH1RUWKHUQ3RODQG
0HWKRGV7KH VWXG\ZDV SHUIRUPHG RQ  SUREDQGV  VFKL]RSKUHQLF
SDWLHQWVDQGPDWFKHGKHDOWK\FRQWUROVIURPWKHJHQHUDOSRSXODWLRQ7KH




LQWHQVLW\ ZHUH DVVHVVHG XVLQJ WKH 3RVLWLYH DQG1HJDWLYH 6\QGURPH 6FDOH
3$166*HQRPLF'1$ZDVH[WUDFWHG IURP OHXNRF\WHVXVLQJD VWDQGDUG













&RQFOXVLRQV 7KH UHVXOWV VXJJHVW QR VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ +


























0HWKRGV 7R LQYHVWLJDWH ZKHWKHU 126, FRQYH\V WR WKH JHQHWLF ULVN IRU
WKRVH GLVHDVHV D126, KDSORW\SH FRQVLVWLQJ RI WKUHH QRQFRGLQJ H[RQLF







ZLWK VFKL]RSKUHQLD7KLVZDV FRQ¿UPHG LQ D KDSORW\SH DQDO\VLVZKHUH D



















2EMHFWLYHV &RQVLGHULQJ WKDW WKH QLWULF R[LGH±DUJLQLQH SDWKZD\ LV LQWL
PDWHO\ FRQQHFWHG WR WKH UHOHDVH RI GRSDPLQH '$ DQG JOXWDPDWH WZR
QHXURWUDQVPLWWHUV WKDW PD\ EH G\VIXQFWLRQDO LQ VFKL]RSKUHQLD RXU DLP
ZDV WR LQYHVWLJDWH WKH LQWHUDFWLRQ EHWZHHQ D QLWULF R[LGH V\QWKDVH LQKLEL
WRU1*±QLWUR±/±DUJLQLQH/12$5*DQGWKH'$DJRQLVWVDPSKHWDPLQH
$PSKDSRPRUSKLQH$SRDQGEURPRFULSWLQH%5&RQ WKHPRGXODWLRQ










VWDUWOH DPSOLWXGH ZDV H[SUHVVHG DV SHUFHQWDJH GHFUHDVH IURP SXOVHDORQH
VWDUWOHDPSOLWXGH33,
5HVXOWV 7KHUH ZDV D VLJQL¿FDQW /12$5*;$PSK LQWHUDFWLRQ IRU WKH
33, $PSK  PJNJ LQFUHDVHG 33, IURP LWV YHKLFOH RQO\ ZKHQ
SUHFHGHGE\/12$5*%RWKVWDUWOHUHVSRQVHWRSXOVHDQGSUHSXOVHSXOVH
ZHUH VLJQL¿FDQWO\ UHGXFHG DIWHU WKH FRPSRXQG WUHDWPHQW ZLWK $PSK 





&RQFOXVLRQV 2XU ¿QGLQJV VKRZ WKDW /12$5* IDFLOLWDWHG 33, RI UDWV



















0HWKRGV 3056 ' &KHPLFDO 6KLIW ,PDJLQJ ZDV SHUIRUPHG RQ 
VFKL]RSKUHQLF SDWLHQWV  QHXUROHSWLF QDwY  QHXUROHSWLF IUHH DQG DJH
JHQGHUDQGHGXFDWLRQPDWFKHGKHDOWK\FRQWUROV6HUXPL3/$DFWLYLW\ZDV
PHDVXUHGLQSDWLHQWVDQGFRQWUROVXVLQJDÀXRURPHWULFDVVD\
5HVXOWV 3KRVSKROLSLG PHWDEROLWHV ZHUH JHQHUDOO\ UHGXFHG LQ SDWLHQWV DV
FRPSDUHG WR FRQWUROV SKRVSKRPRQRHVWHUV LQ ELIURQWDO DQG ULJKW WHPSRUDO
UHJLRQV EDVDO JDQJOLD EUDLQVWHP DQG FHUHEHOOXP SKRVSKRGLHVWHUV LQ WKH
ELODWHUDO IURQWDO FRUWH[ DQG EDVDO JDQJOLD ,Q WHUPV RI KLJK HQHUJ\ SKRV
SKDWHVSKRVSKRFUHDWLQHZDVUHGXFHGLQIURQWDODQG WHPSRUDOEUDLQUHJLRQV
RIVFKL]RSKUHQLDSDWLHQWV$GHQRVLQHWULSKRVSKDWHZDVUHGXFHGLQWKHULJKW
IURQWDO EXW LQFUHDVHG LQ WKH OHIW WHPSRUDO FRUWLFDO DUHD*HQHUDOO\ L3/$






&RQFOXVLRQV 2XU UHVXOWV VXSSRUW WKH QRWLRQ RI DOWHUHG SKRVSKROLSLG DQG
HQHUJ\PHWDEROLVP LQ IURQWDO DQG WHPSRUDO EUDLQ DUHDV RI SDWLHQWV VXIIHU
LQJ IURPVFKL]RSKUHQLD7KH\ZHUHQRW VXJJHVWLYH IRUDGLUHFWDVVRFLDWLRQ
EHWZHHQ FHUHEUDO SKRVSKROLSLG DOWHUDWLRQV DQG FKDQJHV RI L3/$ DFWLYLW\
REVHUYDEOHLQEORRGVHUXP7KHUHIRUHLQFUHDVHGVHUXPL3/$DFWLYLW\DQG
FHUHEUDO SKRVSKROLSLG DOWHUDWLRQVPD\ UHÀHFW GLIIHUHQW SDWKRSK\VLRORJLFDO














RSKUHQLDZH KDYH WKXV IDU UHFUXLWHG  FOLQLFDOO\ VWDEOHZHOOHVWDEOLVKHG
PDOHSDWLHQWVZLWKVFKL]RSKUHQLDIURPDQXUEDQRXWSDWLHQWFOLQLF0HGLFD
WLRQDQGPHWDEROLFSUR¿OHVZHUHREWDLQHGIURPFKDUWUHYLHZ3V\FKRORJLFDO
SUR¿OHV ZHUH FRPSLOHG IURP 7)(4 3$6 %$6,6 ,3$4 %0$& DQG
IRRGSUHIHUHQFHVXUYH\0DQQ:KLWQH\DQGFKLVTXDUHWHVWVZHUHSHUIRUPHG
XVLQJ6366:LQIRUFRQWLQXRXVDQGFDWHJRULFDOYDULDEOHVUHVSHFWLYHO\




QL¿FDQW GLIIHUHQFH LQ GLDEHWHV SUHYDOHQFH EORRG SUHVVXUHV OLSLG SUR¿OHV
EHWZHHQ WKH PHGLFDWLRQ JURXSV LQ QRUPDO ZHLJKW SDWLHQWV ,Q QRQREHVH
SDWLHQWVJUHDWHUPDFURQXWULHQWSUHIHUHQFHVIRUIDWS DQGIDWSURWHLQ
S PL[WXUHVZHUHREVHUYHGLQWKRVHUHFHLYLQJDW\SLFDOV$VDZKROH




























¿UVWHSLVRGH )(SDWLHQWVPHHWLQJ'60,9FULWHULD IRU VFKL]RSKUHQLD














SHUIRUPLQJ WKH WDVNV +RZHYHU WKH GHJUHH RI DFWLYDWLRQ ZDV GLIIHUHQW LQ

















PDUNHG DFWLYDWLRQ RI UDWPLGEUDLQ GRSDPLQH QHXURQV DQG FOLQLFDO VWXGLHV
KDYH VKRZQ WKDW EUDLQ .<1$ FRQFHQWUDWLRQ LV HOHYDWHG LQ VFKL]RSKUHQLF
SDWLHQWV)XUWKHUPRUHDUHFHQWVWXG\GHPRQVWUDWHVWKDWWKHF\FORR[\JHQDVH
&2;  LQKLELWRU FHOHFR[LE GLVSOD\ DQWLSV\FKRWLF HIIHFWVZLWK UHJDUG WR
ERWK SRVLWLYH DQG QHJDWLYH V\PSWRPV ZKHQ DGGHG WR WUDGLWLRQDO DQWLSV\
FKRWLFWUHDWPHQWLQSDWLHQWVZLWKVFKL]RSKUHQLD0OOHUHWDO,QWHU
HVWLQJO\LQKLELWLRQRI&2;LQGXFHVSV\FKLDWULFVLGHHIIHFWVOLNHSV\FKRVLV






YHQWUDO WHJPHQWDO DUHD 97$ GRSDPLQH QHXURQV$IWHU HDFK H[SHULPHQW
WKHEUDLQVZHUHUHPRYHGDQGGLVVHFWHGIRUGHWHUPLQDWLRQRI.<1$ZLWKD
+3/&V\VWHP









&RQFOXVLRQV 3UHVHQW UHVXOWV GHPRQVWUDWH WKDW WKH HQGRJHQRXV EUDLQ FRQ




















2EMHFWLYHV ,VRODWLRQ UHDULQJ RI UDWV LV D GHYHORSPHQWDOO\ VSHFL¿F QRQ




HQRXV DQWDJRQLVW DW JOXWDPDWH UHFHSWRUV WKDW SUHIHUHQWLDOO\ EORFNV10'$







ZHHNVSRVWZHDQLQJ ,QD IROORZXS VWXG\ D ODUJHUFRKRUWRI UDWVZDVDV
VLJQHG WR VRFLDO Q  RU LVRODWLRQ KRXVLQJ Q  DW ZHDQLQJ DQG WKHQ
WHVWHG LQ WKH DFRXVWLF VWDUWOH33, SDUDGLJP  ZHHNV SRVWZHDQLQJ$W 
ZHHNVSRVWZHDQLQJEUDLQVZHUHUHPRYHGDQGGLVVHFWHGIRUGHWHUPLQDWLRQ
RI.<1$ZLWKD+3/&V\VWHP
5HVXOWV$V ZH KDYH SUHYLRXVO\ UHSRUWHG LVRODWHG UDWV H[KLELWHG GH¿FLWV
LQ 33, FRPSDUHG WR VRFLDOO\ KRXVHG FRQWUROV )XUWKHUPRUH HQGRJHQRXV
.<1$OHYHOVZHUHHOHYDWHGVLJQL¿FDQOW\LQWKHKLSSRFDPSXVPHDQYDOXH
ZDVQ0LQVRFLDOO\KRXVHGFRQWUROVYVQ0LQLVRODWHGUDWV


















2EMHFWLYHV .\QXUHQLF DFLG .<1$ LV DQ HQGRJHQRXV 10'$UHFHSWRU
DQWDJRQLVWZKLFKPDNHVLWKLJKO\LQWHUHVWLQJLQUHODWLRQWRWKHSDWKRSK\VL
RORJ\ RI VFKL]RSKUHQLD ,W KDV SUHYLRXVO\ EHHQ VKRZQ WKDW VFKL]RSKUHQLF
SDWLHQWVKDYHHOHYDWHGOHYHOVRI.<1$LQWKHFHUHEURVSLQDOÀXLG&6)DQG
LQ WKHSRVWPRUWHPEUDLQ)XUWKHUPRUH VWXGLHVRQ UDWV VKRZ WKDWHOHYDWHG





DGPLQLVWUDWLRQ RI 10'$UHFHSWRU DQWDJRQLVWV ,Q WKLV VWXG\ZH DQDO\VHG
&6) IURPVFKL]RSKUHQLFSDWLHQWV LQ D ODUJHU FRKRUW)XUWKHUPRUH FRUUHOD
WLRQVEHWZHHQ&6)FRQFHQWUDWLRQVRI.<1$DQGGRSDPLQHPHWDEROLWHVZHUH
LQYHVWLJDWHG
0HWKRGV &6) OHYHOV RI.<1$ZDV DQDO\VHG LQ PDOH DQG  IHPDOH
VFKL]RSKUHQLFSDWLHQWVDQGPDOHDQGIHPDOHKHDOWK\FRQWUROVE\PHDQV
RIKLJKSUHVVXUHOLTXLGFKURPDWRJUDSK\DQGÀXRUHVFHQFHGHWHFWLRQ
5HVXOWV ,Q DFFRUGDQFH WR SUHYLRXV VWXGLHV SUHVHQW UHVXOWV UHYHDOHG WKDW
.<1$OHYHOVLQ&6)IURPPDOHVFKL]RSKUHQLFSDWLHQWVQ0ZHUH
VLJQL¿FDQWO\ KLJKHU FRPSDUHG WR PDOH KHDOWK\ FRQWUROV  Q0
)XUWKHUPRUH.<1$OHYHOVLQ&6)IURPIHPDOHFRQWUROVZHUHVLJQL¿FDQWO\







WLRQ LVDVVRFLDWHGZLWKDQ LQFUHDVHGGRSDPLQH WXUQRYHU7KHUHVXOWVRI WKH











UHSRUWHG DQ DVVRFLDWLRQ EHWZHHQ D ORQJHU '83 DQG UHGXFHG JUD\ PDWWHU
YROXPHVLQSUHIURQWDODQGDQWHULRUFLQJXODWHFRUWH[8VLQJGDWDIURPDQ
HSLGHPLRORJLFDO VWXG\RI UHFHQWRQVHWSV\FKRVLV FDUULHGRXW LQ6DR3DXOR
%UD]LOZH LQYHVWLJDWHG XVLQJYR[HOEDVHGPRUSKRPHWU\ 9%0ZKHWKHU
DORQJHU'83LVUHODWHGWRDPRUHSURQRXQFHGGHJUHHRIJUD\PDWWHUUHGXF
WLRQVLQWKHIURQWDOOREH
0HWKRGV  ¿UVWHSLVRGH SV\FKRWLF SDWLHQWV  PDOHV PHDQ DJH
 \HDUV PHDQ \HDUV RI HGXFDWLRQ  '60,9 VFKL]RSKUHQLD
VFKL]RSKUHQLIRUP SV\FKRVLV  DIIHFWLYH SV\FKRVLV  DQG  KHDOWK\
FRQWUROV  PDOHV PHDQ DJH  PHDQ \HDUV RI HGXFDWLRQ  IURP













VPDOOHUFOXVWHU LQ WKH OHIWSUHIURQWDOFRUWH[ %$YR[HOV:KHQFRP
SDUHGWRFRQWUROVORQJ'83SDWLHQWVKDGUHGXFHGSUHIURQWDOJUD\PDWWHULQ














/RHEHO$' /LHEHUPDQ -$$OYLU -00D\HUKRII ', *HLVOHU 6+ 6]\
PDQVNL 65  'XUDWLRQ RI SV\FKRVLV DQG RXWFRPH LQ ¿UVWHSLVRGH
VFKL]RSKUHQLD$P-3V\FKLDWU\
/DSSLQ -0 'D]]DQ 3 0RUJDQ .' 6XFNOLQJ - &KLWQLV ; )HDURQ 3














SDQLF DQ[LHW\ DQG WKH RQVHW RI KHDUW GLVHDVH ,W H[DPLQHG ELRFKHPLFDO
PHDVXUHPHQWVRIV\PSDWKHWLFQHUYRXVV\VWHP616IXQFWLRQWRDVVHVVWKH
IXQFWLRQDOLQWHJULW\RIWKHFDUGLDFV\PSDWKHWLFQHUYHVLQSDQLFGLVRUGHU3'






























&RPSXWDWLRQDO PRGHOV SURYLGH D EHWWHU PHDQV RI PRGHOLQJ FRPSOH[










LQWRRQHRI WKH WZRFODVVHVDVKHDOWK\RUXQKHDOWK\GHPDQGV WKHFUHDWLRQ
RI D UHIHUHQFH NQRZOHGJH EDVH RI RQO\ KHDOWK\ VDPSOHV LQ WKH FRQWH[W RI
%LSRODU'LVRUGHU,WVKRXOGEHXQGHUVWRRGWKDWDUHIHUHQFHEDVHZLOOFRQWDLQ







































HIIHFWRIWLPH) S DVLJQL¿FDQWHIIHFWRIUHVLVWDQFH) 
S  DQG D QRQ VLJQL¿FDQW HIIHFW RI WLPH [ UHVLVWDQFH LQWHUDFWLRQ$
IROORZ XS LQYHVWLJDWLRQ ZDV SHUIRUPHG EHWZHHQ WKH WKUHH JURXSV RQO\
UHVSRQGHUSDWLHQWVDQGZHIRXQGDVLJQL¿FDQWGLIIHUHQFHEHWZHHQUHVLVWDQW
DQGQRQUHVLVWDQWSDWLHQWVXUYLYDODQDO\VLVFR[PRGHO









2EMHFWLYHV 6HYHUDO OLQHV RI HYLGHQFH SRLQW WR WKH LQYROYHPHQW RI WKH
GRSDPLQHUJLF V\VWHP LQELSRODUGLVRUGHU7KH IXQFWLRQDOO\ UHOHYDQW &














RI '5' JHQH ZDV SHUIRUPHG E\ 3&55)/3PHWKRG ,QIRUPHG FRQVHQW
IURPLQGLYLGXDOVSDUWLFLSDWLQJLQWKHVWXG\ZDVREWDLQHG7KH3HDUVRQ¶VȤ
7HVW DQG WKH)LVKHU¶V([DFW7HVWZHUH DSSOLHG WR DVVHVV WKHGLIIHUHQFHV LQ
WKHJHQRW\SHDQGDOOHOHGLVWULEXWLRQ&DOFXODWLRQVZHUHSHUIRUPHGZLWKWKH
XVHRIWKHVWDWLVWLFDOSDFNDJH6366YHUVLRQ7ZRWDLOHGW\SH,HUURUUDWH
RI ZDV FKRVHQ IRU WKH DQDO\VHV 3RZHU DQDO\VLVZDV SHUIRUPHG XVLQJ
RQOLQH FDOFXODWRU KWWSFDOFXODWRUVVWDWXFODHGX SURYLGHG E\ WKH 8&/$
'HSDUWPHQWRI6WDWLVWLFV




VXEJURXSV RI ELSRODU GLVRUGHU:H REVHUYHG DVVRFLDWLRQ EHWZHHQ'HO'HO
JHQRW\SH RI '5' SRO\PRUSKLVPV DQG PDMRU GHSUHVVLRQ ZLWK DW\SLFDO
IHDWXUHVJHQRW\SHVS DOOHOHVS 
&RQFOXVLRQV,QRXUVWXG\ZHGLGQRW¿QGWKHDVVRFLDWLRQEHWZHHQWKHSRO\




















HUDWLYH SDWKRORJLHV VXFK DV $O]KHLPHU DQG 3DUNLQVRQ GLVHDVHV 7KH UROH






0HWKRGV VFKL]RSKUHQLFSDWLHQWV PHQDQGZRPHQPHDQDJH 
\HDUVDQGFRQWUROVXEMHFWVPHQDQGZRPHQPHDQDJH




PRWRU FRRUGLQDWLRQ PRWRU LQWHJUDWLRQ VHQVRU\ LQWHJUDWLRQ LQYROXQWDU\
PRYHPHQWV DQG TXDOLW\ RI ODWHUDOL]DWLRQ 7KH ELRORJLFDO DVVHVVPHQW ZDV
DFKLHYHG RQ IDVWLQJ SDWLHQWV DQG ZLWK D SHULRG RI WREDFFR DEVWLQHQFH ,W
FRQVLVWHG LQ GRVDJH E\ VSHFWURSKRWRPHWHU RI WKH HU\WKURF\WH DQWLR[LGDQW
HQ]\PHV DFWLYLW\ 6XSHUR[LGH 'LVPXWDVH 62' *OXWDWKLRQH 3HUR[LGDVH
*6+3[DQG&DWDODVH&$7
5HVXOWV$FWLYLWLHVRIDOO HQ]\PHVVWXGLHG62'*6+3[DQG&$7ZHUH




166 WRWDO VFRUH U S PRWRUFRRUGLQDWLRQVXEVFRUH U 

























0HWKRGV$ WRWDO RI  VXLFLGH DWWHPSWHUV PDOHV  IHPDOHVPHDQ
DJH6' ZHUH LQFOXGHG LQ WKLV VWXG\7KH FRQWURO JURXS LQ
FOXGHGLQGLYLGXDOVPDOHVIHPDOHVPHDQDJH6'
ZLWKRXW D SHUVRQDOIDPLO\ KLVWRU\RI DQ\SV\FKLDWULF GLVRUGHUV7ZRSRO\
PRUSKLVPVLQWKH6/&$JHQH±WKH+77/35LQWKHSURPRWHUUHJLRQ
DQG9175LQWKHVHFRQGLQWURQZHUHDQDO\]HGXVLQJ3&5WHFKQLTXH
5HVXOWV 7KH VLJQL¿FDQW GLIIHUHQFHV LQ WKH +77/35 DOOHOH S   




VXLFLGHIHPDOHVDWWKHDJH YVLQFRQWUROVS 25 
&,7KHIUHTXHQF\RIWKHJHQRW\SHRIWKH9175
SRO\PRUSKLVPZDVDOVR VLJQL¿FDQWO\KLJKHU LQ VXLFLGDOJURXS WKDQ WKDW LQ
FRQWUROVIRUIHPDOHVRQO\YVLQFRQWUROVS 25 
&,
0D[LPXP OLNHOLKRRG DQDO\VLV RI KDSORW\SH GLVWULEXWLRQ GHPRQVWUDWHG WKH
SUHVHQFHRIOLQNDJHGLVHTXLOLEULXPEHWZHHQWKHWZRSRO\PRUSKLVPVLQFRQ
WUROVXEMHFWVIHPDOHVȤ SPDOHVȤ S
LQ VXLFLGHDWWHPSWHUV IHPDOHVȤ S  PDOHVȤ S
   LQ WKHRYHUDOO VDPSOHV IHPDOHVȤ S PDOHVȤ
   S $QDO\VLV RI GLVWULEXWLRQ RI WKH HVWLPDWHG KDSORW\SH
IUHTXHQFLHVUHYHDOHGDVLJQL¿FDQWGLIIHUHQFHEHWZHHQVXLFLGHDWWHPSWHUVDQG
FRQWUROVXEMHFWVLQIHPDOHVRQO\Ȥ GI S 7KHKDSORW\SH














2EMHFWLYHV8VH WKH VFDOH RI HDWLQJ DWWLWXGHV VKRXOG KHOS KHDOWKV¶ SURIHV
VLRQDOV WR LGHQWLI\VXEMHFWVDW ULVN IRUHDWLQJGLVWXUEDQFHVDQGSURYLGH WKH
RSSRUWXQLW\IRU LQWHUYHQWLRQ$LPRI WKHSUHVHQWVWXG\ZDVWRHYDOXDWH WKH




LWHPTXHVWLRQQDLUH DVVHVVLQJ WKH ULVN IRU HDWLQJGLVRUGHUV LQREHVHDQG
\RXQJKHDOWK\VXEMHFW
0HWKRGV 7KH57 VHHPV WR EH RI JRRG LQWHUHVW EHFDXVH RI LWV VKRUWQHVV
HDV\DGPLQLVWUDWLRQDQGUDWLQJDQGFRXOGEHXVHIXOLQFOLQLFDOSUDFWLFHDQG
UHVHDUFK 7KH TXHVWLRQQDLUH ZDV DGPLQLVWHUHG WR  VXEMHFWV  PDOHV






WRWDO VDPSOH LQ REHVH JURXS LQ VXEMHFWZLWK('DQG LQ KHDOWK\ FRQWUROV
$129$ZDV FDOFXODWHG LQ RUGHU WR HYDOXDWH GLIIHUHQFHV LQ (', EHWZHHQ
VXEMHFWVZLWK³/RZULVN´SRVLWLYHVUHVSRQVHVDQGZLWK³+LJKULVN´!
SRVLWLYHVUHVSRQVHVFDOFXODWHGZLWK57
5HVXOWV ,Q KHDOWK\ FRQWURO GLIIHUHQFHV EHWZHHQ KLJK DQG ORZ ULVN LQ WKH
(', VXEVFDOHV %'7 , DQG%' DQG LQ(', WRWDO VFRUHZHUH IRXQG DQG
D VWDWLVWLFDOO\ VLJQL¿FDQW FRUUHODWLRQ HPHUJHGEHWZHHQ WRWDO VFRUHV LQ(',
DQG³ELQJHSXUJHHDWLQJ´LWHPV>LWHPU SLWHPU 
S LWHP  U  S LWHP  U  S LWHP 
U S@DQGWRWDOVFRUHRI57U S
















VSHFWURVFRS\ I1,56 LQ VFKL]RSKUHQLD FRJQLWLYH VWXGLHV RYHU IXQFWLRQDO
PDJQHWLFUHVRQDQFHLPDJLQJDQGSRVLWURQHPLVVLRQWRPRJUDSK\ZHDLPHG
DW DVVHVVLQJ ELODWHUDO SUHIURQWDO FRUWLFDO R[\JHQDWLRQ UHVSRQVH WR WKH YHU








DQG  FRUUHFW UHVSRQVHV 3  $ FRQVLVWHQW LQFUHDVH LQ




UHVSRQVH LQERWKJURXSV D VLJQL¿FDQWGLIIHUHQFHZDV IRXQG ,Q SDUWLFXODU
LQERWKSUHIURQWDO VLGHV WKHPD[LPDO LQFUHDVHRI2+EZDV IRXQGKLJKHU




&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW I1,56PLJKW EH H[WHQVLYHO\ HP
SOR\HGWRHYDOXDWHQRQLQYDVLYHO\³K\SRIURQWDOLW\´ LQSV\FKLDWULFSDWLHQWV
DQG WR H[SODLQ QHXUDO FLUFXLWU\ DEQRUPDOLWLHV WKDW PD\ FKDQJH RYHU WKH









2EMHFWLYHV 7KH VHURWRQLQ QHXURWUDQVPLWWHU KDV EHHQ DVVRFLDWHG ZLWK WKH









WR'60 ,9 DQG ,&' FULWHULD DQG  FRQWURO VXEMHFWV IHPDOH Q 
PDOH Q  6WXG\ JURXSZDV GLYLGHG LQWR VXEJURXSVPDMRU GHSUHVVLRQ
ZLWKDW\SLFDO IHDWXUHV Q PDMRUGHSUHVVLRQZLWKPHODQFKROLF IHDWXUHV
Q ELSRODUGLVRUGHUZLWKSV\FKRWLFV\PSWRPVQ DQGHDUO\DJH




































DOVR KDG VHUXP IRODWH YLWDPLQ % DQG KRPRF\VWHLQH OHYHOV PHDVXUHG
$OO0''VXEMHFWV UHFHLYHG WUHDWPHQWZLWKÀXR[HWLQHPJGD\IRUHLJKW
ZHHNV
5HVXOWV ,Q D ORJLVWLF UHJUHVVLRQ WKH VHYHULW\ RI VXEFRUWLFDOZKLWHPDWWHU
OHVLRQVDQGK\SRIRODWHPLDZHUH LQGHSHQGHQWSUHGLFWRUVRI ODFNRI FOLQLFDO
UHVSRQVH +$0'UHGXFWLRQZLWKDQWLGHSUHVVDQW WUHDWPHQW6HSD







&RQFOXVLRQV 6XEFRUWLFDO EUDLQ ZKLWH PDWWHU K\SHULQWHQVLWLHV DQG K\SR























PHWDSKRUV$OWKRXJK WKLV LV URXWLQHO\ WHVWHG GXULQJ FOLQLFDO LQWHUYLHZ LWV
QHXUDOEDVLVLVXQNQRZQ
:H LQYHVWLJDWHG SURFHVVLQJ RI PHWDSKRULF VHQWHQFHV XVLQJ HYHQWUHODWHG
IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ I05, LQ '60,9 GLDJQRVHG
SDWLHQWV ZLWK VFKL]RSKUHQLD DQG  FRQWURO VXEMHFWV 6WLPXOL FRQVLVWHG RI
 QRYHO VKRUW VHQWHQFH SDLUV ZLWK HLWKHU PHWDSKRULF RU OLWHUDO PHDQLQJ
SUHVHQWHGYLVXDOO\LQWHUVSDUVHGE\DORZOHYHOEDVHOLQHJUH\EDFNJURXQG





































WLRQȤ GI SZKLFKZDVIRXQGERWKLQZRPHQȤ 
GI SDVZHOODVLQPHQȤ GI S6LJQL¿FDQW
VH[GLIIHUHQFHVLQWKHRFFXUUHQFHRIVXLFLGHȤ GI SFRXOG


























2EMHFWLYHV %UDLQGHULYHG QHXURWURSKLF IDFWRU %'1) LQÀXHQFHV QHXURQ
GLIIHUHQWLDWLRQ LQ GHYHORSPHQW DV ZHOO DV V\QDSWLF SODVWLFLW\ DQG QHXURQ
VXUYLYDOLQDGXOWKRRG%'1)9DO0HWSRO\PRUSKLVPKDVEHHQLPSOLFDWHG
LQ WKH SDWKRJHQHVLV RI ELSRODU GLVRUGHU ([SUHVVLRQ RI %'1)PLJKW EH D
GRZQVWUHDPWDUJHWRIDQWLGHSUHVVDQWWUHDWPHQW
0HWKRGV 7KH VWXG\ RI 9DO0HW SRO\PRUSKLVP ZDV SHUIRUPHG RQ 










)LVKHU¶VH[DFW WHVWZHUHDSSOLHG WR WHVWGLIIHUHQFHVEHWZHHQJHQRW\SLFDQG
DOOHOLFUHVSHFWLYHO\GLVWULEXWLRQEHWZHHQSDWLHQWVDQGFRQWUROV





























2EMHFWLYHV 7KH KLJKO\ HYROXWLRQDULO\ FRQVHUYHG VHURWRQLQ WUDQVSRUWHU
+77 UHJXODWHV WKH HQWLUH VHURWRQLQHUJLF V\VWHP DQG LWV UHFHSWRUV YLD







WR'60 ,9 DQG ,&' FULWHULD DQG  FRQWURO VXEMHFWV IHPDOH Q 
PDOH Q  ,Q IXUWKHU DQDO\VHV VSHFL¿F VXEJURXSV RI SDWLHQWV ZHUH LQ
FOXGHGPDMRU GHSUHVVLRQZLWK DW\SLFDO IHDWXUHV Q PDMRU GHSUHVVLRQ
ZLWKPHODQFKROLF IHDWXUHV Q ELSRODUGLVRUGHUZLWKSV\FKRWLFV\PS
WRPV Q  DQG HDUO\ DJHRI RQVHW Q 7KH DQDO\VLV RI  IXQFWLRQDO
ES LQVGHOSRO\PRUSKLVPRI+77JHQHZDVSHUIRUPHGE\3&59175
PHWKRG ,QIRUPHGFRQVHQW IURPLQGLYLGXDOVSDUWLFLSDWLQJ LQ WKHVWXG\ZDV
REWDLQHG7KH3HDUVRQ¶VȤ7HVWZDVDSSOLHGWRDVVHVVWKHGLIIHUHQFHVLQWKH
JHQRW\SHGLVWULEXWLRQ DQG WKH)LVKHU¶V([DFW7HVW IRU DOOHOHV&DOFXODWLRQV




















RQSV\FKRSKDUPDFRORJLFDO FRPSOLDQFHDQG LQEUHDNLQJRII WKHSKDUPDFR
WKHUDS\E\VFKL]RSKUHQLF6FKSDWLHQWV
0HWKRGV3DWLHQWVZLWK6FKZHUHVWXGLHGPDOHDQGIHPDOH7KHLU
67'ZHUH H[DPLQHG LQ WZR VWHSV  ,QYHVWLJDWLRQ RI 67' DQG FRPSOL
DQFH E\ ,QYHQWRU\ WR ELRJUDSK\ DQG GHYHORSPHQW RI GLVRUGHUV ,QYHQWRU\















'DQQ +'  6XEMHFWLYH WKHRULHV $ QHZ DSSURDFK WR SV\FKRORJLFDO
UHVHDUFKDQGHGXFDWLRQDOSUDFWLFH,Q6HPLQ*5*HUGHQ.-HGV(YHU\GD\




















LQFUHDVHG IROORZLQJ  PRQWK RI VLPYDVWDWLQ DSSOLFDWLRQ WKH WHQGHQF\ WR





&RQFOXVLRQV /RQJWHUP WKHUDS\ KDV GLIIHUHQW HIIHFW RQ VHURWRQLQ WUDQV
PLVVLRQ LQ FRPSDULVRQ ZLWK VKRUWWHUP  PRQWKV WKHUDS\ 6LJQL¿FDQW
LQFUHDVHLQ6(57DFWLYLW\DQHIIHFWRSSRVLWHWRVHOHFWLYHVHURWRQLQUHXSWDNH







9HYHUD - äXNRY ,0RUFLQHN 7 3DSHåRYi +  &KROHVWHURO FRQFHQ










GLVWXUEDQFH LQ 3DUNLQVRQµV GLVHDVH 3' DIIHFWLQJ DSSUR[LPDWHO\ 
RI 3'SDWLHQWV 7KH V\PSWRPV RI GHSUHVVLRQ LQ 3DUNLQVRQ¶V GLVHDVH YDU\
VOLJKWO\ IURP WKH W\SLFDO V\PSWRP SUR¿OH RI SULPDU\ GHSUHVVLRQ 6R IDU
OLWWOHLVNQRZQDERXWWKHSDWKRSK\VLRORJLFHYHQWVOHDGLQJWR3'DVVRVLDWHG
GHSUHVVLRQQRUDERXWWKHFDXVDWLYHPROHFXODUPHFKDQLVPVRIDQWLGHSUHVVDQW
WUHDWPHQW SRWHQWLDOO\ OHDGLQJ WR UHPLVVLRQ DQG SUHYHQWLRQ RI UHODSVH7KH
OHDUQHGKHOSOHVVQHVVSDUDGLJPLVWKHPRVWZLGHO\VWXGLHGDQLPDOPRGHORI
GHSUHVVLRQ7KH SUHVHQW VWXG\ZDV DLPHG DW WHVWLQJ WKH K\SRWKHVLV RI WKH
LPSOLFDWLRQRIEUDLQGRSDPLQ'$HUJLFQHXURQVLQWKHLQGXFWLRQRIOHDUQHG
KHOSOHVVQHVV HVFDSH GH¿FLW DQG LWV UHYHUVDO E\ /'RSD VXEVWLWXWLRQ DQG
DQWLGHSUHVVDQWVLQUDWV


























,QWURGXFWLRQ DQG 2EMHFWLYHV 2EVHVVLYH FRPSXOVLYH GLVRUGHU 2&' LV
RQH RI WKHPRVW FRPPRQSV\FKLDWULF DIÀLFWLRQV SUHGRPLQDQWO\ SUHVHQWLQJ
ZLWK FRPSXOVLYH FKHFNLQJ )XQFWLRQDO 05, VWXGLHV KDYH LPSOLFDWHG WKH
FRUWLFDOVWULDWDOWKDODPLFFRUWLFDO FLUFXLWV DQG WKH PHVLRWHPSRUDO OREH LQ
WKH SDWKRSK\VLRORJ\ RI 2&' &RQJUXHQWO\ LQ SDWLHQWV UHPDLQLQJ XQDI
IHFWHG E\ SKDUPDFR DQG SV\FKRWKHUDS\ FRQWURYHUVLDOO\ GLVFXVVHG SDUWLDO
DEODWLYH OHVLRQLQJ RI WKHVH FLUFXLWV FDQ UHYHUVH FOLQLFDO V\PSWRPV ,Q WKH
WUHDWPHQWRIRWKHUQHXURSV\FKLDWULFGLVRUGHUVDEODWLYHOHVLRQLQJKDVPDMRUO\
EHHQ UHSODFHG E\ WKH VHOHFWLYH DQG UHYHUVLEOH KLJK IUHTXHQF\ VWLPXODWLRQ
+)6 7KH RYHUDOOPHFKDQLVP XQGHUO\LQJ+)6 KDV EHHQ SURSRVHG WR EH




,QDFWLYDWLRQ RI WKH 671 YLD+)6PD\ FRQVHTXHQWO\ DIIHFWPRWRU DVZHOO
























2EMHFWLYHV ,W KDV EHHQ VXJJHVWHG WKDW WKH LQWUXVLYH WKRXJKWV DQG EHKDY
LRXUV RI REVHVVLYHFRPSXOVLYH GLVRUGHU 2&' DUH UHODWHG WR GH¿FLWV LQ





0HWKRGV 1LQH ULJKWKDQGHGPDOH SHGLDWULF SDWLHQWV DJHG  WR  \HDUV
ZLWKDFOLQLFDOGLDJQRVLVRI2&'DVVHVVHGZLWKWKHFKLOGUHQ¶V<DOH%URZQ
2EVHVVLYH&RPSXOVLYH 6FDOHZHUH UHFUXLWHG IURP WKH0DXGVOH\+RVSLWDO
FKLOGDQGDGROHVFHQW2&'FOLQLF7HQFRQWUROVXEMHFWVZHUHUHFUXLWHGIURP
ORFDO VFKRROVPDWFKHG IRU DJH VH[ YHUEDO SHUIRUPDQFH DQG KDQGHGQHVV













DQG VWURRS WDVN SHUIRUPDQFH ZLWK UHGXFHG DFWLYDWLRQ LQ PLGGOH WHPSRUDO
J\UXVDQGFHUHEHOOXP
&RQFOXVLRQV 3HGLDWULF2&'DSSHDUV WR EH DVVRFLDWHGZLWK UHGXFHGEUDLQ
DFWLYDWLRQ LQ SUHGRPLQDQWO\ RUELWDO DQG LQIHULRU SUHIURQWDO FRUWLFHV WKH
EDVDO JDQJOLD WKDODPXV DQG FHUHEHOOXP GXULQJ LQKLELWRU\ DQG H[HFXWLYH
IXQFWLRQWDVNV$OWHUQDWLYHSDWWHUQVRIDFWLYDWLRQZHUHREVHUYHGGXULQJRQH
WDVN&RPPRQGH¿FLWVDFURVVWDVNVSRLQWWRZDUGVIXQFWLRQDODEQRUPDOLWLHV
LQ RUELWRIURQWDOVWULDWRWKDODPLF FLUFXLWV GXULQJ H[HFXWLYH IXQFWLRQV 7KH


















LQ WKH DP\JGDOD LW VHHPV SRVVLEOH WKDW VH[ KRUPRQHV DFWLQJ RQ WKLV VLWH
KDYH DQ LPSDFW RQ HPRWLRQDO EHKDYLRU HJ HPRWLRQ UHFRJQLWLRQ ,Q WKH









GXULQJD IDFLDO HPRWLRQ UHFRJQLWLRQ WDVNZLWKD7HVODZKROHERG\VFDQ
QHU0HGVSHF%UXNHU%LRVSLQ:HXVHGDVSHFLDOO\RSWLPL]HGSURWRFROWR


































2EMHFWLYHV 6HYHUDO 3(7 VWXGLHV KDYH FRQ¿UPHG SRVWPRUWHP UHVXOWV




DQG LQFUHDVH VHURWRQLQ QHXURWUDQVPLVVLRQ  7UHDWPHQW ZLWK WHVWRVWHURQH
DQG HVWUDGLRO QRUPDOL]HV +7$ GRZQUHJXODWLRQ LQ FDVWUDWHG PDOH DQG
RYDULHFWRPL]HG IHPDOH 6(57 NQRFNRXW PLFH UHVSHFWLYHO\  ,Q DGGLWLRQ
VHURWRQLQQHXURQVFRQWDLQVWHURLGUHFHSWRUVDQGVWHURLGKRUPRQHVUHJXODWH
EUDLQ+7$UHFHSWRUP51$H[SUHVVLRQ7RLQYHVWLJDWHWKHUHODWLRQVKLS














WLRQ RI +7$ UHFHSWRUV ZH XVHG 302' DQG WKH 6LPSOL¿HG 5HIHUHQFH
7LVVXH0RGHO6570EDVHGRQDWZRWLVVXHFRPSDUWPHQWPRGHOZLWKWKH





5HVXOWV7KH%3YDOXHVZHUH PHDQ6' LQ WKHDQWHULRU FLQJXODWH
FRUWH[  LQ WKH LQVXOD DQG  LQ WKH PHVLRWHPSRUDO UHJLRQ
)UHH SODVPD OHYHOV RI QJPO IRU WHVWRVWHURQH DQG SJPO
IRUHVWUDGLROZHUHPHDVXUHG:HIRXQGVLJQL¿FDQWFRUUHODWLRQVEHWZHHQWKH
VH[KRUPRQHUDWLRDQG+7$%3LQWKHDQWHULRUFLQJXODWHFRUWH[U 
S  WKH LQVXOD U  S  DQG WKH PHVLRWHPSRUDO FRUWH[
U S  LQFOXGLQJSDUDKLSSRFDPSDODUHDVHH¿JXUH7KHUHZDV




RI SDWLHQWV DQG KHDOWK\ FRQWUROV VKRXOG EH FRUUHFWHG IRU VWHURLG KRUPRQH
SODVPDOHYHOVLQ3(7VWXGLHVLQYHVWLJDWLQJWKHVHURWRQHUJLFV\VWHP*HQGHU
GLIIHUHQFHVLQWKHYXOQHUDELOLW\WRDQ[LHW\GLVRUGHUVDQGGHSUHVVLRQDQGWKH
FRUUHODWLRQ RI SUHPHQVWUXDO V\QGURPH DQG SRVWSDUWXP RU SHULPHQRSDXVDO
GHSUHVVLRQZLWKFKDQJHVLQJRQDGDOVWHURLGOHYHOVPLJKWSDUWO\EHEDVHGRQ
KRUPRQDO HIIHFWVRI WKH+7$ UHFHSWRUPHGLDWHGFRQWURORI VHURWRQHUJLF
QHXURWUDQVPLVVLRQ*OXFRFRUWLFRLGVDVFRUWLVROHQKDQFHGRUVDOUDSKH+7$
DXWRUHFHSWRUIXQFWLRQ*LYHQWKHQHJDWLYHFRUUHODWLRQEHWZHHQFRUWLVRODQG























2EMHFWLYHV 7KH JRDO RI WKLV I05, VWXG\ZDV WR H[SORUH WKH HIIHFWV RI D
VWDQGDUGL]HG HPRWLRQ GLVFULPLQDWLRQ WUDLQLQJ RQ UHJLRQDO FHUHEUDO EUDLQ
DFWLYLW\ LQ VFKL]RSKUHQLDSDWLHQWV7KHDLPRI WKH WUDLQLQJZKLFK ODVWHG
ZHHNV DQG FRPSULVHG PDLQO\ FRPSXWHUEDVHG WDVNV ZDV WR LPSURYH WKH




SHUWDLQHG WR DZDLWLQJ FRQWURO JURXS 3DWLHQWVZLWK WUDLQLQJZHUH VFDQQHG
EHIRUH DQG DIWHU WKH WUDLQLQJ SHULRG WKH UHPDLQLQJ SDUWLFLSDQWVZHUH DOVR

































8VLQJD6LPRQSDUDGLJPDQG VHULHV FRQWDLQLQJSRVLWLYH DQGQHJDWLYHSLF
WXUHVIURPWKH,QWHUQDWLRQDO$IIHFWLYH3LFWXUH6\VWHP,$36ZHH[SORUHG
KHDOWK\PDOHSDUWLFLSDQWVLQFRPSDULVRQWRSV\FKRSDWKVDFFRUGLQJWR






ZRUVH LQ WKH FRQWUROOHG FRQGLWLRQ GXULQJ QHJDWLYH HPRWLRQ FRPSDUHG WR
SRVLWLYHDQGQHXWUDODIIHFWLYHVWDWHVDQGLQSDUWLFXODULQFRPSDULVRQWRSV\





&RQFOXVLRQV2XU VWXG\ HPSKDVL]HV WKH LPSDFW RI HPRWLRQV RQ FRJQLWLYH
SURFHVVHVDQGVXSSRUWVWKHK\SRWKHVLVWKDWWKHHPRWLRQDOFRQWH[WLQFUHDVHV
WKHLQIRUPDWLRQSURFHVVLQJORDGDQGGUDLQVDWWHQWLRQDOUHVRXUFHV7KHVHGDWD
















2EMHFWLYHV (PRWLRQDO GH¿FLWV SOD\ DQ LPSRUWDQW UROH LQ WKH SV\FKRSD
WKRORJ\ RI VFKL]RSKUHQLD 7KH DELOLW\ WR FRUUHFWO\ GLVFULPLQDWH GLIIHUHQW
IDFLDOH[SUHVVLRQVLVHVVHQWLDOIRUHYHU\GD\VRFLDOOLIH6HYHUDOEHKDYLRXUDO
VWXGLHVSRLQWHGWRGH¿FLWVLQHPRWLRQUHFRJQLWLRQLQSDWLHQWV$FFRUGLQJO\
IXQFWLRQDO LPDJLQJ LQYHVWLJDWLRQV UHYHDOHG G\VIXQFWLRQV HVSHFLDOO\ LQ















5HVXOWV:KLOH QR JURXS GLIIHUHQFHV PDOHV YV IHPDOHVSDWLHQWV YV FRQ
WUROVZHUHIRXQGLQWKHQXPEHURIKLWVIRUWKHHPRWLRQGLVFULPLQDWLRQWDVN
VFKL]RSKUHQLD SDWLHQWV GHPRQVWUDWH OHVV FRUUHFW UHMHFWLRQV FRPSDUHG WR
KHDOWK\FRQWUROV
*HQGHU VSHFL¿F EUDLQ DFWLYDWLRQ FKDUDFWHULVWLFV ZHUH REVHUYHG ,Q PDOH
VFKL]RSKUHQLD SDWLHQWV RQ WKH RQH KDQG FRPSDUHG WR KHDOWK\ PDOHV K\




FRPSDUHG WR WKH IHPDOH SDWLHQWV PRVW QRWDEO\ GHPRQVWUDWHG VLJQL¿FDQWO\
KLJKHUDFWLYDWLRQLQWKHFLQJXODWHJ\UXV7KLVDFWLYDWLRQHPHUJHGPRUHGRU
VDOWKDQLQWKHPDOHJURXSDQGLUUHVSHFWLYHRIHPRWLRQDOYDOHQFH







$FNQRZOHGJHPHQWV 7KLV ZRUN ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK






















5HVXOWV 7KH ¿UVW RSHQ SURVSHFWLYH REVHUYDWLRQDO SKDVH RI WKH SURMHFW
VKRZHGPRGHUDWHDFFHSWDQFHEXWJRRGFOLQLFDOHIIHFWLYHQHVVRIDVWDQGDUG
L]HGVWHSZLVHGUXJWUHDWPHQWUHJLPHQ6675IRUPDMRUGHSUHVVLYHGLVRUGHU
7KH VHFRQG SURMHFW SKDVHZDV D SURVSHFWLYH UDQGRPL]HG FRQWUROOHG FOLQL


































2EMHFWLYHV 6ROYLQJPD]HV UHTXLUHV FRPSOH[ FRJQLWLYH IXQFWLRQV VXFK DV
ZRUNLQJPHPRU\ VHTXHQFLQJ DQG SODQQLQJ RI DFWLRQV IXQFWLRQV WKDW DUH























DFWLYDWLRQRI WKH ULJKW'/3)FRUWH[ %$DQG WKHFDXGDWHQXFOHXV LQ WKH








ODWHUDOLVDWLRQ WKHUH ZDV DV UHYHUVDO LQ ODWHUDOLVDWLRQ LQ WKH VFKL]RSKUHQLD
JURXS WKDWGLGFRUUHODWHZLWKDGHFUHDVHGDFFXUDF\LQWKHPD]HWDVN7KLV



























DQG XVHG WR LPPXQL]HPLFH+\EULGRPD FHOOVZHUH REWDLQHG E\ VWDQGDUG
WHFKQLTXHVDQGVFUHHQHGIRUVSHFL¿FUHFRJQLWLRQRIWKHLQVROXEOHSURWHRPH
RISRROHGVFKL]RSKUHQLDEUDLQVYVQRUPDOFRQWUROEUDLQV
5HVXOWV:H UHSRUW RQ RQHPRQRFORQDO DQWLERG\ P$% WKDW FRQVLVWHQWO\
GLVWLQJXLVKHG VFKL]RSKUHQLD EUDLQ SRROV IURP QRUPDO FRQWURO EUDLQ SRROV
:KHQ SUREHG RQ D WKH&RQVRUWLXP FROOHFWLRQ RI WKH 605, WKDW KDG EHHQ
ELRFKHPLFDOO\IUDFWLRQDWHGVXFKDVWRUHWDLQRQO\WKHLQVROXEOHSURWHRPHD
VXEJURXSRIVFKL]RSKUHQLDFDVHVGLVSOD\HG LPPXQRUHDFWLYLW\ WR WKHP$%
$ VSHFL¿F SDWWHUQ RI LPPXQRUHDFWLYLW\ UHFRJQL]HG VFKL]RSKUHQLD EUDLQV
YV QRUPDO FRQWUROV ZLWK KLJK VWDWLVWLFDO VLJQL¿FDQFH S  3HDUVRQ
&KL6TXDUH
&RQFOXVLRQV3UHVHQFHRIDQ LQVROXEOHSURWHLQGH¿QHGE\DVSHFL¿FP$%
FDQEH XVHG WR LGHQWLI\ EUDLQVZLWK VFKL]RSKUHQLD:KHWKHU WKHP$%FDQ







2EMHFWLYHV DQG 0HWKRGV '\VGLDGRFKRNLQHVLD LV D UHJXODUO\ UHSRUWHG
V\PSWRPLQVFKL]RSKUHQLFSDWLHQWV,QWKHVWXG\PRWRUSDUDPHWHUVRIIRUH




ZHUH VLJQL¿FDQWO\ UHGXFHG LQ DOO SDWLHQWJURXSV FRPSDUHG WR WKH FRQWUROV
ZKLOH IUHTXHQF\ RI WKH UHSHWLWLYH PRYHPHQW UHPDLQHG XQDIIHFWHG 7KH
UHGXFWLRQZDVPRVW SURQRXQFHG LQ WKH FRQYHQWLRQDOO\ WUHDWHG SDWLHQWV ,Q






+HUPVGRUIHU- 0DUTXDUGW& :DFN6 DQG 0DL1  &RPSDUDWLYH
DQDO\VLV RI GLDGRFKRNLQHWLFPRYHPHQWV -(OHFWURP\RJU.LQHVLRO  

3XW]KDPPHU$ +HLQGO% %UROO. 3IHLII/ 3HUIDKO0 DQG +DMDN*
6SDWLDODQGWHPSRUDOSDUDPHWHUVRIJDLWGLVWXUEDQFHVLQVFKL]RSKUHQLF
SDWLHQWV6FKL]RSKU5HV


















V\PSWRPV RQ GLIIHUHQW VWDJHV RI WKHLU GLVHDVH RU XQGHU VSHFL¿F FLUFXP
VWDQFHV >LQIHFWLRQV LH VWUHSWRFRFFDO LDWURJHQLF LH XQGHU VRPH DW\SLFDO
DQWLSV\FKRWLF DJHQWV $$$V HWF@ 'LIIHUHQW HWLRSDWKRORJLFDO RULJLQV RI
2&V\PSWRPVPDNHWKLVW\SHRIVFKL]RSKUHQLDWREHDKHWHURJHQHRXVHQWLW\
LQSKHQRPHQRORJLFDODVZHOODVLQWKHUDSHXWLFDVSHFWV7KHFRPSOH[QDWXUH
RI WKH WUHDWPHQW UHVSRQVH LQ WKLVJURXSRI VFKL]RSKUHQLFSDWLHQWV LVDV\HW
XQFOHDU+HUHZHSUHVHQWRXUPRGHORIWKHFOLQLFDOW\SRORJ\RIVFKL]RSKUHQLD
ZLWK SURPLQHQW 2& V\PSWRPDWRORJ\ DQG VRPH SRVVLEOH SUHGLFWRUV RI UH
VSRQVHRI2&DQGVFKL]RSKUHQLDV\PSWRPVRQ$$$VDGPLQLVWUDWLRQ
0HWKRGV:H SUHVHQW D FDVH VHULHV VWXG\ GHVFULEHV RXU H[SHULHQFH ZLWK
FOR]DSLQHQ ULVSHULGRQHQ RODQ]DSLQHQ TXHWLDSLQHQ 
DQG ]LSUD]LGRQH Q  DV D VROH DJHQWV Q  DQG LQ FRPELQDWLRQZLWK
VHURWRQLQ UHXSWDNH LQKLELWRUV 65,V FORPLSUDPLQH Q  ÀXYR[DPLQH
Q  ÀXR[HWLQH Q  SDUR[HWLQH Q  FLWDORSUDP Q  VHUWUDOLQH
Q  LQ SDWLHQWV ZLWK 2&'VFKL]RSKUHQLD Q  DQG VFKL]RREVHVVLYH
GLVRUGHUQ 
5HVXOWV,QSDWLHQWVZLWK2&'VFKL]RSKUHQLDWUHDWPHQWZLWK$$$VRWKHU
WKDQ FOR]DSLQH WKH EHWWHU UHVXOWV VLJQL¿FDQW UHGXFWLRQ RI2& DVZHOO DV
VFKL]RSKUHQLD V\PSWRPVZHUHDFKLHYHG LQ FRPELQDWLRQZLWK65,VZKLOH
WKHRODQ]DSLQHVKRZHGWKHIDVWHVWRYHUDOOLPSURYHPHQW,QVFKL]RREVHVVLYH
SDWLHQWV WUHDWPHQWZLWK$$$V LQFOXGLQJ FOR]DSLQH DVPRQRWKHUDS\ZDV
WKHEHWWHUWKHUDSHXWLFPRGDOLW\DQGWKHULVSHULGRQHVKRZHGWKHEHVWUHVXOWV
4XHWLDSLQHDQG]LSUD]LGRQHDVVROHDJHQWVDQGZLWK65,VZHUHVKRZQDV
DSSUR[LPDWHO\ HTXDO LQ WKHLU DQWLSV\FKRWLF DQG DQWLREVHVVLYH DFWLYLW\ DQG
RYHUDOOVDIHW\
&RQFOXVLRQV$$$VKDGEHHQUHSRUWHGDVLQGXFLQJGHQRYRRUH[DFHUEDWLQJ
WKH SUHH[LVWLQJ 2& V\PSWRPV LQ VRPH VFKL]RSKUHQLD SDWLHQWV +RZHYHU
WKHUH DUH DOVR VRPH GDWD RQ D SRVLWLYH HIIHFW RI$$$V LQ VFKL]RSKUHQLD
SDWLHQWVZLWK2& V\PSWRPDWRORJ\ DQGRXU¿QGLQJV DUH LQ OLQHZLWK WKHVH










































































5HVXOWV7KH UHVXOWVRI WKHSUHVHQW VWXG\GHPRQVWUDWH WKDW &RUUHODWLRQ
EHWZHHQ DQ[LHW\ DQG VWXGHQWµV GHSUHVVLRQ LVPHDQLQJIXO DQGSRVLWLYH U 
 S &RUUHODWLRQ EHWZHHQ IHPDOH VWXGHQWVµ GHSUHVVLRQ DQG



















2EMHFWLYHV7RFRPSDUH WKHFRVWV DQGFRQVHTXHQFHV QXPEHURI DIIHFWLYH
HSLVRGHVRIWZRWUHDWPHQWVWUDWHJLHVRODQ]DSLQHPRQRWKHUDS\DQGOLWKLXP
GXULQJWKHPDLQWHQDQFHSKDVHRIWUHDWPHQWIRUELSRODUGLVRUGHULQ*HUPDQ\
0HWKRGV $ PRQWK 0DUNRY VLPXODWLRQ PRGHO ZLWK SDUDPHWHU YDOXHV






$ WRWDO RI  GD\V LQ KRVSLWDOZLWK RODQ]DSLQHPDLQWHQDQFH DQG 
GD\VLQKRVSLWDOZLWKOLWKLXPPDLQWHQDQFHLVSUHGLFWHG





LQ  WR RI LQGLYLGXDOZDONV HYHQ WKRXJK WKH DYHUDJH FRVWV RI
WKH WZR UHJLPHV DUH VLPLODU7KLV LV EHFDXVH IRUPDQ\ FDVHV QR DIIHFWLYH















SKHQRW\SH PD\ EH D PRUH SURPLVLQJ DSSURDFK IRU WKH LGHQWL¿FDWLRQ RI
VXVFHSWLELOLW\JHQHV IRU ELSRODU GLVRUGHUZHSHUIRUPHGH[SORUDWRU\ IDFWRU
DQDO\VLV RQ D UDQJH RIPDQLF DQG FRQFRPLWDQW GHSUHVVLYH V\PSWRPV DQG
DQDO\]HG FRUUHODWLRQV RI LGHQWL¿HG V\PSWRP GLPHQVLRQV EHWZHHQ ELSRODU
SUREDQGVDQGWKHLUVLPLODUO\DIIHFWHG¿UVWGHJUHHUHODWLYHV
0HWKRGV$ FRQWUROOHG IDPLO\ VWXG\ KDV EHHQ FRQGXFWHG DW  6ZLVV VLWHV
LQFOXGLQJ SDWLHQWV VXIIHULQJ IURP ELSRODU GLVRUGHUV Q  XQLSRODU
GHSUHVVLRQ Q  DOFRKRO RU KHURLQ GHSHQGHQFH Q  DV ZHOO DV DOO
DYDLODEOH¿UVWGHJUHH UHODWLYHV Q $OOSDUWLFLSDQWVZHUHDVVHVVHGXV
LQJ WKH'LDJQRVWLF ,QWHUYLHZ IRU*HQHWLF6WXGLHV ',*67KH VDPSOH IRU








5HVXOWV )RXU LQWHUSUHWDEOH IDFWRUV ZHUH LGHQWL¿HG  G\VSKRULF PRRG
 SV\FKRPRWRU SUHVVXUH  LUULWDEOH LQDWWHQWLRQ  SV\FKRVLV )RU HDFK
V\PSWRP JURXS D TXDQWLWDWLYH VFDOH ZDV FRQVWUXFWHG DQG WKH FRUUHODWLRQ





SRVLWLYH IDPLOLDO FRUUHODWLRQ RQO\ IRU WKH G\VSKRULF PRRG IDFWRU U 
S 7KLVFRUUHODWLRQZDVHYHQVWURQJHUZKHQWKHVDPSOHZDVUHVWULFWHG
WR SUREDQG ± UHODWLYH SDLUV H[KLELWLQJ IXOO EORZQ '60,9 PDQLD Q 
U S 
&RQFOXVLRQV 7KH UHVXOWV RI RXU IDFWRU DQDO\VLV XVLQJ D ODUJHU VDPSOH
SURYLGHVXSSRUWWKH¿UVWRXWRIPDQLDGLPHQVLRQVVXJJHVWHGE\&DVVLG\



















5HJDUGLQJ GHSUHVVLRQ WKHUH DUH PDQ\ DQWLGHSUHVVDQW WUHDWPHQWV WKDW DUH
FXUUHQWO\ DYDLODEOH DVZHOO DV WKH VRPDWLF WUHDWPHQW RI HOHFWURFRQYXOVLYH
WKHUDS\7UDQVFUDQLDO0DJQHWLF 6WLPXODWLRQ 706 KDV EHHQ VXJJHVWHG DV
DSRWHQWLDODOWHUQDWLYH WUHDWPHQW$PHWDDQDO\VLVRIDYDLODEOHVWXGLHVVXJ
JHVWHGWKDW706PD\EHHI¿FDFLRXV,WLVFXUUHQWO\XQGHUIXUWKHUVWXG\LQWKH
8QLWHG6WDWHV LQ WZR ODUJHVFDOHPXOWLVLWH FOLQLFDO WULDOV7KH'HSDUWPHQW
RI9HWHUDQ¶V$IIDLUVLVFRQVLGHULQJDQRWKHUPXOWLVLWHVWXG\WRGRFXPHQWLWV
HIIHFWLYHQHVV LQ SDWLHQWVZLWK GHSUHVVLRQ DVVRFLDWHGZLWK YDULRXV FRPRU
ELGLWLHVFRPPRQO\IRXQGLQYHWHUDQV7KHXVHRI706ZLOOEHUHYLHZHGDVD
SRWHQWLDOWUHDWPHQWIRUGHSUHVVLRQLQWKHHOGHUO\























2EMHFWLYHV 4XHWLDSLQH D GLEHQ]RWKLD]HSLQH GHULYDWH LV RQH RI WKHPRVW
UHFHQWO\ LQWURGXFHG DW\SLFDO DQWLSV\FKRWLFV ,W KDV IDYRXUDEOH HIIHFWV RQ
ERWK WKHSRVLWLYHDQG WKHQHJDWLYHV\PSWRPVRIVFKL]RSKUHQLD7KHHOLPL
QDWLRQKDOIOLIHRITXHWLDSLQH DPRXQWV WR DERXWKRXUV >@4XHWLDSLQH LV
H[WHQVLYHO\PHWDEROL]HG LQ WKH OLYHU SULPDULO\ E\ 3 $ DQG WR D IDU









RI WKHYDULDEOHVDJH VH[DQGFLJDUHWWH VPRNLQJRQ WKHTXHWLDSLQHSODVPD
FRQFHQWUDWLRQ"
0HWKRGV7RDQVZHU WKHVHTXHVWLRQV WKHSODVPDTXHWLDSLQH OHYHOVRI
SDWLHQWV ZLWK VFKL]RSKUHQLD PHDQ DJH  \HDUV VWDQGDUG GHYLDWLRQ
>6'@  \HDUV  ZRPHQ  PHQ ZHUH DVVHVVHG E\ KLJK SHUIRUP
DQFHOLTXLGFKURPD¤WR¤JUDSK\+3/&ZLWK89GHWHFWLRQ>@SDWLHQWV
UHFHLYHGTXHWLDSLQHDVPRQRWKHUDS\DQGWKHRWKHUSDWLHQWVUHFHLYHGYDULRXV





UHFRPPHQGHG WKHUDSHXWLF UDQJH RI  QJPO >@ 7KH LQWHULQGLYLGXDO
YDULDQFHRISODVPDFRQFHQWUDWLRQZDVKLJKIXUWKHUPRUHTXHWLDSLQHSODVPD
FRQFHQWUDWLRQVLQFUHDVHGOLQHDUO\ZLWKWKHGDLO\RUDOGRVHU S"
$JH VKRZHG D VLJQL¿FDQW HIIHFW RQ WKH GRVHFRUUHFWHG TXHWLDSLQH SODVPD
























2EMHFWLYHV 7KH QHXURELRORJ\ DQG LPSDFW RI DQWLGHSUHVVDQW ZLWKGUDZDO





DFWLYLW\ 9DLG\D HW DO :H KDYH VWXGLHG +7$& UHFHSWRU LQYROYH
PHQWDQGHIIHFWVRQKLSSRFDPSDO12V\QWKDVH126LQLPLSUDPLQH,0,
WUHDWPHQWDQGZLWKGUDZDO
0HWKRGV5DWV UHFHLYHGHLWKHU VDOLQHRU ,0, PJNJG LS IRUZHHNV
IROORZHGE\DFXWHZLWKGUDZDOIRUGD\V$QLPDOVUHFHLYHGHLWKHUVDOLQHRU
WKH +7$& UHFHSWRU DQWDJRQLVW ULWDQVHULQ 5,7PJNJGD\ LS GXULQJ
ZLWKGUDZDO 6ZLP LPPRELOLW\ ORFRPRWRU DFWLYLW\ DQG KLSSRFDPSDO 126
DFWLYLW\ZHUHGHWHUPLQHG7KHDFWLRQVRI5,7DORQHZHUHDOVRVWXGLHG
5HVXOWV ,0, VLJQL¿FDQWO\ GHFUHDVHG LPPRELOLW\ WLPH 7DEOH  ZLWKRXW
HIIHFWLQJ ORFRPRWRU DFWLYLW\ 7DEOH  DQG VLJQL¿FDQWO\ UHGXFHG 126









&RQFOXVLRQV $QWLGHSUHVVDQW DFWLRQ LQYROYHV 126 LQKLELWLRQ ,QFUHDVHG




















































































































JHQHWLF SRO\PRUSKLVP RI WKH VHURWRQLQ WUDQVSRUWHU JHQH +77/35 DQG
FOLQLFDOUHVSRQVHWRVHUWUDOLQH
0HWKRGV$ WRWDO RI  SDWLHQWVZLWKPDMRU GHSUHVVLYH GLVRUGHUZHUH LQ
FOXGHGLQDSURVSHFWLYHWULDORYHUZHHNV$WZHHNVDQG+DPLOWRQ'H
SUHVVLRQ5DWLQJ6FDOH+'56&OLQLFDO*OREDO,PSUHVVLRQ&*,DGYHUVH
UHDFWLRQ VFDOH DQGSODVPD VHUWUDOLQH OHYHOVZHUH FRPSOHWHG WRJHWKHUZLWK
JHQHWLFDQDO\VLVIRUWKHORQJDQGVKRUWDOOHOHYDULDQWVRI+77/35





GRVH UDWLR DW ZHHN  S  +RZHYHU WKH UHVSHFWLYH FOLQLFDO UHVSRQVH
UDWHVZHUHDQG
&RQFOXVLRQV ,Q FRQWUDVW WR SUHYLRXV ¿QGLQJV WKLV VWXG\ GLG QRW ¿QG D
VLJQL¿FDQWUHODWLRQVKLSEHWZHHQ+77/35JHQRW\SHDQGUHVSRQVHWR665,
LQDFXWHGHSUHVVLRQ7KH VPDOO VDPSOHDQGPL[HGHWKQLFLW\PD\ UHSUHVHQW
OLPLWDWLRQVRI WKHVWXG\7RDGYDQFHRXUXQGHUVWDQGLQJRIJHQRW\SHHWKQLF









2EMHFWLYHV 3UHOLPLQDU\ GDWD VXJJHVW WKDW +\SHULFXP H[WUDFW /,  LV
VSHFL¿FDOO\HIIHFWLYHLQDW\SLFDOGHSUHVVLRQDQGUHODWHGGLVRUGHUV













































HIIHFW VDIHW\DQG WROHUDELOLW\ LQDJURXSRISDWLHQWVGLDJQRVHGZLWK0DMRU
'HSUHVVLYH (SLVRGH DFFRUGLQJ WR '60 ,975 WUHDWHG ZLWK LQWUDYHQRXV
7ULWWLFR
0HWKRGV 7KH VWXG\ JURXS FRQVLVWHG LQ  LQSDWLHQWV  PDOH DQG 
IHPDOH DJH EHWZHHQ  DQG  GLDJQRVHGZLWKPDMRU GHSUHVVLYH HSLVRGH
+$0'!DQGWKH\ZHUHPRQLWRUHGIRUZHHNV:HLQFOXGHGSDWLHQWV





VSHFL¿F HYROXWLRQ XQWLO DPD[LPXPRI PJGD\ LY RU SR LQ WKH WK
GD\)URPWKHWKGD\DFRQYHUVLRQWRWKHSRWUHDWPHQWZLWK7UD]RGRQHZDV
UHDOLVHGLQWKHVDPHGRVH



























6\QGURPH 5/6 DQG $WWHQWLRQ'H¿FLW+\SHUDFWLYLW\ 'LVRUGHU $'+'
WRGLVFXVVWKHK\SRWKHWLFDOPHFKDQLVPVXQGHUO\LQJWKLVDVVRFLDWLRQDQGWR
FRQVLGHU WKHSRWHQWLDO LQWHUHVW IRU FRPPRQSKDUPDFRORJLFDO WUHDWPHQWV RI
5/6DQG$'+'ZKHQFRRFFXUULQJ
0HWKRGV$3XE0HGVHDUFKIRUWKH\HDUV
5HVXOWV ,QFOLQLFDO VDPSOHVXS WRRI$'+'VXEMHFWVZHUH IRXQG WR
KDYH5/6RU5/6V\PSWRPVDQGXSWRRI5/6VXEMHFWVZHUHIRXQG






G\VIXQFWLRQ /LPLWHG HYLGHQFH VXJJHVWHG WKDW VRPH GRSDPLQHUJLF DJHQWV
VXFK DV /GRSDFDUELGRSD SHUJROLGH DQG URSLQLUROH PD\ EH HIIHFWLYH LQ
FKLOGUHQZLWK5/6DVVRFLDWHGWR$'+'V\PSWRPV
&RQFOXVLRQV $OWKRXJK VWLOO OLPLWHG LQ QXPEHU HYLGHQFH IURP FOLQLFDO
VWXGLHV GHPRQVWUDWHG DQ DVVRFLDWLRQ EHWZHHQ 5/6 DQG$'+' RU$'+'
V\PSWRPV )XUWKHU FOLQLFDO VWXGLHV XVLQJ VWDQGDUG FULWHULD DQG SURFHGXUHV
DUH QHHGHG WR EHWWHU HVWLPDWH WKH GHJUHH RI DVVRFLDWLRQ (SLGHPLRORJLFDO

























2EMHFWLYH 'H¿FLWV LQ UHVSRQVH LQKLELWLRQ DUH FRQVLGHUHG DV FDQGLGDWH
HQGRSKHQRW\SHV RI DOWHUHG SUHIURQWDO EUDLQ IXQFWLRQ LQ $WWHQWLRQ 'H¿FLW





1R*R WDVN WR DVVHVV WKH HOHFWURSK\VLRORJLFDO EDVLV RI UHVSRQVH LQKLELWLRQ





IRU DQ$'+'GXULQJFKLOGKRRG WKH1*$ZDVGLPLQLVKHGDV FRPSDUHG WR







































LQFUHDVHG DP\JGDOD DFWLYDWLRQPD\ DVVRFLDWHGZLWK LQFUHDVHG FRXSOLQJ WR
WKHPHGLDOSUHIURQWDOFRUWH[
&RQFOXVLRQV *HQRW\SHGHSHQGHQW FRXSOLQJ RI DP\JGDOD DFWLYDWLRQ ZLWK
PHGLDO SUHIURQWDO FRUWH[ VWLPXODWLRQPD\ FRPSHQVDWH IRU LQFUHDVHG DP\
JGDODDFWLYDWLRQGXULQJQRUPDOOLIHEXWIDLOLQLQGLYLGXDOVZKRH[SHULHQFHG

















WLRQ LV GLVWXUEHG LQ GHSUHVVLRQ7KH QHXUDO FLUFXLWU\ VXEVHUYLQJ H[HFXWLYH
G\VIXQFWLRQ DQG HVSHFLDOO\ UHVSRQVH LQKLELWLRQ FULWLFDOO\ GHSHQGV RQ SUH
IURQWDODUHDV,QGHSUHVVHGSDWLHQWVSUHIURQWDOG\VIXQFWLRQFRXOGEHEURDGO\
GHPRQVWUDWHGDQGUHFHQWQHXURLPDJLQJVWXGLHVUHSRUWHGDUHFRQVWLWXWLRQRI
WKHVH EUDLQ UHJLRQV XSRQ UHFRYHU\ +RZHYHU LW UHPDLQV XQFOHDU ZKHWKHU
UHVSRQVH LQKLELWLRQ LPSURYHV LQ WKH FRXUVH RI GHSUHVVLRQ DQG WKHUHIRUH LV
D VWDWHPDUNHURU LI LW DV D WUDLW YDULDEOHPD\ FRQVWLWXWH D SUHUHTXLVLWH IRU
WKHPDQLIHVWDWLRQ RI GHSUHVVLRQ7KH DLPRI WKLV VWXG\ZDV WR LQYHVWLJDWH
UHVSRQVH LQ D IROORZXS GHVLJQ DQG WR H[DPLQH QHXURSK\VLRORJLFDOO\ WKH
FRXUVHRIWKHXQGHUO\LQJEUDLQDFWLYDWLRQ






5HVXOWV7KHEHKDYLRUDOGDWD VKRZHGKLJKHU UDWHRI HUURUVRI FRPPLVVLRQ








LQGHSUHVVHGSDWLHQWV7KLV VWXG\ LV WKH¿UVW WR VKRZ WKDW UHVSRQVH LQKLEL




LV GLVWXUEHG LQ VFKL]RSKUHQLD HYLGHQFH IURP HYHQWUHODWHG SRWHQWLDOV LQ D
*R1R*RWDVN%LRO3V\FKLDWU\-DQ












%DFNJURXQG 7KHUH LV DQ HOHYDWHG ULVN IRU SDWLHQWV ZLWK PLOG FRJQLWLYH
LPSDLUPHQW0&,WRSURJUHVVWR$O]KHLPHU'HPHQWLD$'&OLQLFDOWULDOV
RQ DQWLGHPHQWLYH WUHDWPHQW LQ0&, DUH DULVLQJ 7UDGLWLRQDOO\$'$6FRJ
VXPVFRUHKDVEHHQWKHJROGVWDQGDUGIRUPHDVXULQJHI¿FDF\RIDQWLGHPHQ
WLYHGUXJV LQ ³PLOGWRPRGHUDWH´ ³PRGHUDWH´ DQG ³DGYDQFHGPRGHUHDWH´
GLVHDVHVWDJHV+RZHYHUWKHUHVHHPVWREHDUHODWLRQVKLSEHWZHHQEDVHOLQH











(WLRORJLFDO GLDJQRVHVZHUH EDVHG RQ LQWHJUDWHGPXOWLGLVFLSOL
QDU\ LQIRUPDWLRQ 'LVHDVH VHYHULW\ ZDV MXGJHG E\ FOLQLFLDQV GXULQJ WKH
FRXUVHRIDVWDQGDUGL]HGDQGFRPSUHKHQVLYHDVVHVVPHQWSURWRFRO
5HVXOWV6HHWDEOH,QDOOVXEJURXSVDFRPELQHGOHDUQLQJVFRUHFRUUHODWHG
VLJQL¿FDQWO\ KLJKHU ZLWK &'5 VXP RI ER[HV WKDQ$'$6FRJ VFRUH GLG

















7KHSURFHVV IRU WKH GHYHORSPHQW RI ,&' LV MXVW VWDUWLQJ7KLV RIIHUV D
VSHFLDORSSRUWXQLW\WRLPSURYHRXULQWHUQDWLRQDOFODVVL¿FDWLRQDQGGLDJQRV
WLF V\VWHPV$NH\SULQFLSOHZRXOGEH WKH HQKDQFHPHQWRI HWLRSDWKRJHQLF
DQGFOLQLFDOYDOLGLWLHV1HZVFLHQWL¿FGHYHORSPHQWV IURPJHQHWLFV WRHSL
GHPLRORJ\WRD¿QHUDQGPRUHFRQWH[WXDOL]HGSKHQRPHQRORJ\DUHOLNHO\WR
EH LQFRUSRUDWHG %RWK D EHWWHU QRVRORJ\ RI PHQWDO GLVRUGHUV ZLWKLQ WKH




















0HWKRGV 6HYHQWHHQ SDWLHQWV ZLWK ELSRODU GLVRUGHU ZHUH HQUROOHG WR DQ
RSHQODEHO WUHDWPHQWZLWKRUDORODQ]DSLQH LQGRVHV IURPPJG IRU DW
OHDVWGD\V$IWHU WKLVSHULRG VWULDWDO' UHFHSWRURFFXSDQF\ZDVTXDQ
WLWDWLYHO\ DQDO\VHG XVLQJ >,@,RGREHQ]DPLGH ,%=0 DQG VLQJOH SKRWRQ






YDOXH REWDLQHG IURP D KLVWRULF KHDOWK\ FRQWURO JURXS 2Q WKH GD\ RI WKH
63(&7VFDQVSODVPD OHYHOVRIRODQ]DSLQHZHUHREWDLQHG$GYHUVHHYHQWV
ZHUH DVVHVVHG E\ WKH 6LPSVRQ$QJXV 6FDOH 6$6 DQG %DUQHV$NDWKLVLD
6FDOH%$6IRU(36DWEDVHOLQHDQGHQGSRLQW















.DSXU6=LSXUVN\5%5HPLQJWRQ* HW DO +7 DQG' UHFHSWRU RFFX
SDQF\RIRODQ]DSLQHLQVFKL]RSKUHQLDD3(7LQYHVWLJDWLRQ$P-3V\FKLDWU\

0HLVHQ]DKO (0 'UHVHO 6 )URGO 7 HW DO ' UHFHSWRU RFFXSDQF\ XQGHU














2EMHFWLYHV (PHUJLQJ HYLGHQFH GRFXPHQWV WKDW SHGLDWULF ELSRODU GLVRUGHU
IUHTXHQWO\RQVHWVLQWKHSUHVFKRRO\HDUV'HVSLWH¿QGLQJVIURPSKDUPDFRHS







ZLWK ELSRODU GLVRUGHU DQG H[WHQGLQJ WR WKLV DJH JURXS HPHUJLQJ HYLGHQFH
DV WR WKH XVHIXOQHVV RI WKHVHPHGLFLQHV LQ WKH WUHDWPHQW RI FKLOGUHQZLWK
PDQLD
0HWKRGV0DOHRU IHPDOHVXEMHFWV\HDUVRIDJHZHUH LQFOXGHG LQ WKH
WULDO (DFK VXEMHFW PHW FULWHULD IRU '60,9 ELSRODU , GLVRUGHU '60,9
ELSRODU ,,GLVRUGHURUELSRODUGLVRUGHU126DQGZHUHFXUUHQWO\GLVSOD\LQJ
PDQLFK\SRPDQLFRUPL[HGV\PSWRPVZLWKRUZLWKRXWSV\FKRWLFIHDWXUHV
DFFRUGLQJ WR WKH'60,9EDVHGRQ FOLQLFDO DVVHVVPHQWE\ERDUG FHUWL¿HG















JURXSV WKHPRVW FRPPRQO\ UHSRUWHG VLGH HIIHFWVZHUH LQFUHDVHG DSSHWLWH
V\PSWRPVRIFRPPRQFROGKHDGDFKHVDQG
VHGDWLRQ








1  1  SYDOXH
$JH   
0DOH   
&*,DW%DVHOLQH
0DQLD   1$
'HSUHVVLRQ   
'RVHPJGD\   1$














ZHUH DVVHVVHGPRQWKO\ZLWK WKH<RXQJ0DQLD 5DWLQJ 6FDOH <0567R
DVVHVVFOLQLFDOO\VLJQL¿FDQWVHYHULW\DQG LPSURYHPHQWUHODWLYH WREDVHOLQH















FRQVLGHUHG LQ UHPLVVLRQ<0567KHDYHUDJH OHQJWKRI WUHDWPHQW IRU
WKH VXEMHFWV HQWHUHG LQWR WKH H[WHQVLRQ SKDVHZDV ZHHNV%RWK




E\ RSHQ FLUFOHV$OWKRXJKRQO\  1  RI WKH VXEMHFWV FRPSOHWHG WKH
PRQWKH[WHQVLRQSKDVH WKHVLPLODULW\RIHIIHFWVHHQ LQ WKHFRPSOHWHUµV
DQDO\VLVDQGWKH,77DQDO\VHVVXJJHVWV WKDW WKHUHDVRQVIRUGURSSLQJIURP
WKHVWXG\ZHUHQRWGXHWRPDQLFUHODSVH
&RQFOXVLRQV 7KH VKRUW WHUP HIIHFW RI ULVSHULGRQH RQ PDQLF V\PSWRPV
ZDVPDLQWDLQHGRYHUWKHPRQWKH[WHQVLRQVWXG\,IFRQ¿UPHGE\ODUJHU
FRQWUROOHG WULDOV WKHVHUHVXOWVVXJJHVW WKDW ULVSHULGRQHPD\EHHIIHFWLYH LQ
WUHDWLQJPDQLFV\PSWRPVLQERWKWKHVKRUWDQGORQJWHUP
5HIHUHQFHV











2EMHFWLYHV 2ODQ]DSLQHÀXR[HWLQH FRPELQDWLRQ 2)& KDV GHPRQVWUDWHG


















&RQFOXVLRQV $V PDQDJHPHQW RI GHSUHVVLRQ LV WKH SULPDU\ XQPHW QHHG
























EHWZHHQ PDOH DQG IHPDOH SDWLHQWV GHSUHVVLRQ  YV  FKL
VTXDUH  S  )HPDOH SDWLHQWV KDG DQ HDUOLHU DJH DW RQVHW WKDQ
PDOHSDWLHQWV YV W S )LUVWSV\FKLDWULFPDQDJH
PHQW RIPRRG V\PSWRPVZDV DOVR VWDUWHG HDUOLHU LQ IHPDOH SDWLHQWV WKDQ
LQPDOHSDWLHQWVYVW S +RZHYHUWKHUHZDVQR
VLJQL¿FDQWGLIIHUHQFH LQ WKHGHOD\RI WLPH IRUFRUUHFWGLDJQRVLV \HDUV












2EMHFWLYHV 6LGH HIIHFWV RI GUXJV PD\ FDXVH GLVFRPIRUW SRRU WUHDWPHQW
FRPSOLDQFHDQGTXDOLW\RIOLIHRISDWLHQWV,QSDWLHQWVZLWKPRRGV\PSWRPV
LWPD\EHGLI¿FXOWWRGLIIHUHQWLDWHVLGHHIIHFWVIURPV\PSWRPV5HFHQWWUHQGV




0HWKRGV 7KH VXEMHFWV FRQVLVWHG RI  SDWLHQWV ZLWK ELSRODU GLVRUGHUV
XQGHU SRO\SKDUPDF\ 8.86(563DW ZDV WUDQVODWHG LQWR .RUHDQ DQG
WKHQZDVEDFNWUDQVODWHGLQWR(QJOLVKE\DELOLQJXDO)LYHLWHPVKDLUORVV
KDLU WKLQQLQJ DFQH HGHPD JDVWULF GLVFRPIRUW FRPPRQO\ FRPSODLQHG E\
SDWLHQWVZLWKELSRODUGLVRUGHUZKLFKZDVQRW OLVWHGRQ WKHRULJLQDO8.8
6(56 ZHUH DGGHG 7KH VHYHULW\ RI PRRG V\PSWRPV ZDVPHDVXUHG ZLWK




HUV DW\SLFDO DQWLSV\FKRWLFV DQWLGHSUHVVDQWV DQG DQWLDQ[HLW\ PHGLFDWLRQV
7KH FRUUHODWLRQV RI FRUUHVSRQGLQJ LWHPV EHWZHHQ SDWLHQW DQG FOLQLFLDQ





&RQFOXVLRQV 7KH UHVXOWV VXJJHVW WKDW WKH 8.86(563DW LV YDOLG IRU
SDWLHQWV ZLWK ELSRODU GLVRUGHUV XQGHU SRO\SKDUPDF\ &OLQLFLDQV QHHG WR











































SKULQH VR QRUHSLQHSKULQH WUDQVSRUWHU JHQHZRXOG EH D FDQGLGDWH JHQH IRU
VWXGLHVRIELSRODUGLVRUGHU
0HWKRGV7KHVWXG\ZDVSHUIRUPHGRQSDWLHQWVZLWKELSRODUGLVRUGHUQ 




PDOH Q  IHPDOH Q ZKRZHUH QRW SV\FKLDWULFDOO\ DVVHVVHG7KH
VXEJURXSRISDWLHQWVZLWKSV\FKRWLFIHDWXUHVQRWFRQJUXHQWZLWKPRRGFRQ
WDLQHGQ SDWLHQWVPDOHVQ  IHPDOHVQ  $ VLOHQWSRO\PRUSKLVP
$*RI1HWORFDWHGLQH[RQZDVDQDO\VHGE\3&55)/3PHWKRG




















%UVV0&KURPRVRPDOPDSSLQJRI WKHKXPDQJHQH IRU WKH WULFLFOLF


























ZHUH UHFUXLWHGDW WKHRXWSDWLHQWVXQLWRI WKH&OLQLFDO3V\FKRSKDUPDFRORJ\
&HQWHU RI WKH 6HFWLRQ RI &OLQLFDO 3KDUPDFRORJ\ 'HSDUWPHQW RI 1HXUR
VFLHQFH8QLYHUVLW\RI&DJOLDUL/LIHWLPHFRQVHQVXVGLDJQRVHVZHUHDFKLHYHG
E\ WUDLQHG FOLQLFDO SV\FKRSKDUPDFRORJLVWV XVLQJ WKH6$'6/YHUVLRQ DQG
D V\VWHPDWLF UHYLHZRI WKHPHGLFDO UHFRUGV3DWLHQWV DQG FRQWUROV RI QRQ
6DUGLQLDQGHVFHQWZHUHDSULRULH[FOXGHG7KHVWXG\ZDVDSSURYHGE\ WKH
ORFDO(WKLFDO&RPPLWWHHDQGLQIRUPHGZULWWHQFRQVHQWREWDLQHGIURPERWK
SDWLHQWV DQG FRQWUROV 3RO\PRUSKLVPV KDYH EHHQ DQDO\]HG E\ SRO\PHUDVH
FKDLQUHDFWLRQ3&57KHGLIIHUHQFHVLQDOOHOHRUJHQRW\SHIUHTXHQFLHVEH
WZHHQJURXSVKDYHEHHQHVWLPDWHGE\)LVKHU¶VH[DFWWHVWȤRU0RQWH&DUOR
WHVW 3DLUHZLVH /' FRHI¿FLHQWV '¶DPRQJ WKH 613V KDYH EHHQ HVWLPDWHG





>SYDOXH 25 &, @WKH$*>SYDOXH 
25 &, @DQGWKH7&>SYDOXH 25 
&, @+DSORW\SHDQDO\VLVVKRZVDVLJQL¿FDQWJOREDO
FKLVTXDUH Ȥ GI S 2QHRI WKH WZRPDLQ UHSUH
VHQWDWLYH KDSORW\SHV WKH 7$& VKRZV D SYDOXH RI 
3RO\PRUSKLVPV VWXGLHG LQ WKH RWKHU JHQHV GLG QRW VKRZ DQ\ VLJQL¿FDQW
DVVRFLDWLRQ












ELOLW\ ORFL IRUELSRODUGLVRUGHU/LQNDJH VWXGLHV LQ WKLVGLVRUGHUSRLQWHGDW
PDUNHUVRQFKURPRVRPHTSUR[LPDOWRWKHJHQHFRGLQJIRU*SURWHLQ
UHFHSWRUNLQDVH*5.,QDVHULHVRIVWXGLHVWKHJURXSRI.HOVRHVKRZHG
WKDW WZRRXW RI VL[ SRO\PRUSKLF YDULDQWV RI WKH*5.µ875SURPRWHU
ZHUH IRXQG WR EH DVVRFLDWHGZLWK ELSRODU GLVRUGHU *5. SURWHLQ OHYHOV
LQ O\PSKREODVWRLG FHOO OLQHV GHULYHG IURP ELSRODU SDWLHQWV EHORQJLQJ WR




*5. LV D F\WRVROLFPHPEHU RI WKH*5.V IDPLO\ SOD\LQJ D NH\ UROH LQ
KRPRORJRXVGHVHQVLWL]DWLRQRI*SURWHLQFRXSOHGUHFHSWRUVWKDWUHVSRQGWR
YDULRXV QHXURWUDQVPLWWHUV ,WV H[SUHVVLRQ LV SDUWLFXODUO\ KLJK LQ GRSDPLQ







































G/ DQG WULJO\FHULGH ZDV  PJG/ +\SRFKROHVWHUROHPLD 
PJG/ZDVIRXQGLQSDWLHQWV6FRUHVRI+DPLOWRQ'HSUHVVLRQ
5DWLQJ6FDOHV KDG VLJQL¿FDQWO\SRVLWLYH UHODWLRQVKLSZLWK WKH IDVWLQJ FKR






:HVWHUQ UHSRUW &DVVLG\$WRSLFGLVHDVHV DQGGHSUHVVLYH V\PSWRPV
GXULQJ DFXWH SKDVH DUH DVVRFLDWHGZLWK KLJKHU FKROHVWHURO OHYHOV 6HYHULW\
RIRYHUDOOSV\FKLDWULFV\PSWRPVDUHDVVRFLDWHGZLWKORZHUWULJO\FHULGHOLNH
SODVPD VROXEOH LQWHUOHXNLQ UHFHSWRU V,/5 PD\ EH FRQVLGHUHG DV D
ELRORJLFDO LQGLFDWRU RIPDQLF VHYHULW\ 7VDL %ORRG OLSLGV DUHPRUH
UHOHYDQW WR GHSUHVVLRQ DQG SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\ RI PRRG
GLVRUGHU


































&RQFOXVLRQV 7KHPDLQ ¿QGLQJ RI WKLV VWXG\ LV WKH VXVWDLQHG LQFUHDVH RI














RI SDWLHQWV ZLWK ELSRODU GLVRUGHU %' LQ PDQLF %'P DQG GHSUHVVLYH





\HDUVZHUH SK\VLFDOO\ KHDOWK\ SDWLHQWVZLWK D%' , GLDJQRVLV FRQ¿UPHG
E\ WKH VWUXFWXUDO GLDJQRVWLF LQWHUYLHZ DQG E\ D SV\FKLDWULVW ZLWK WKH
<RXQJ0DQLD5DWLQJ6FDOH<056VFRUHV!SRLQWVIRUPDQLFSDWLHQWV
Q  DQG ZLWK +DPLOWRQ 'HSUHVVLRQ 5DWLQJ 6FDOH +'56 VFRUHV !
IRUSDWLHQWVZLWK%' LQ WKHGHSUHVVLYHSKDVH Q 7KH LQFOXVLRQFULWHULD
LQFOXGHGDWOHDVWWZRZHHNVZLWKRXWDQ\NLQGRISV\FKRSKDUPDFRORJLFDORU















753DQG+7 DV ,/ DQG ,/ OHYHOVZHUH VLJQL¿FDQWO\GLPLQLVKHG LQ
%'GDQG%'PZKHQFRPSDUHGWRFRQWUROV>+7LQ%'P






















2EMHFWLYHV7KH QHXURQDO QLFRWLQLF DFHW\OFKROLQH UHFHSWRU DOSKD  VXEXQLW









0HWKRGV *HQRW\SHV RI RQH DPLQR DFLG VXEVWLWXWLRQ SRO\PRUSKLVP
$OD7KUDQG¿YHQRQFRGLQJYDULDWLRQVDFURVVWKH&+51$JHQHZHUH




















6WDWHPHQWRI WKH VWXG\$WWHQWLRQGH¿FLW K\SHUDFWLYLW\GLVRUGHU $'+'
LV IUHTXHQWO\DVVRFLDWHGZLWKYDULRXVSV\FKLDWULFGLVRUGHUV&RRFFXUUHQFH
RI$'+'DQGELSRODUGLVRUGHULVGHVFULEHGLQWKHOLWHUDWXUHEXWWKHXQGHU
O\LQJ K\SRWKHVLV WKDW FRXOG H[SODLQ WKLV DVVRFLDWLRQ DUH GHEDWHG 2Q WKH
EDVLVRIDFOLQLFDOREVHUYDWLRQZHUHYLHZDYDLODEOHGDWDDERXWWKLVVSHFL¿F
FRPRUELGLW\
0HWKRGV:HGHVFULEH WKH FDVH RI D \HDUROGPDOH SDWLHQWZLWK FKLOG



















 3V\FKLDWULF FRPRUELGLWLHV LQ FKLOGUHQ ZLWK DWWHQWLRQ GH¿FLW K\SHU
















PDWFKHGQRUPDO FRQWUROV PHDQDJH6' 6XEMHFWVXQGHU
ZHQWD705,ZLWK'035$FTXLVLWLRQ
5HVXOWV %LSRODU SDWLHQWV DQG QRUPDO FRQWUROV GLG QRW VLJQL¿FDQWO\ GLIIHU



























Q  OLWKLXP Q   LQWHUPHGLDWH  WR  RODQ]DSLQH Q  OLWKLXP




WUHDWHG SDWLHQWV ZHUH IRU HDUO\ VWDJH  YHUVXV  S  IRU
LQWHUPHGLDWHVWDJHYHUVXVS DQGIRUODWHVWDJH



































0HWKRGV 75$5 613 SRO\PRUSKLVP UV  *$ WUDQVLWLRQ ZDV
VWXGLHGLQSDWLHQWVZLWKELSRODUDIIHFWLYHGLVRUGHUPDOHVDQG








RI75$5JHQRW\SHVS IRUZKROHJURXSS IRUPDOHVS 
IRUIHPDOHV7KHUHZDVDOVRQRDVVRFLDWLRQIRU75$5DOOHOHVEHWZHHQSD
WLHQWVDQGFRQWUROVS IRUZKROHJURXSS IRUPDOHVS IRUIH
PDOHV)UHTXHQF\RI*DOOHOHZDVLQSDWLHQWVDQGLQFRQWUROV
&RQFOXVLRQV :H GLG QRW ¿QG WKH DVVRFLDWLRQ EHWZHHQ UV 613



















































2EMHFWLYHV 7R FRPSDUH WKH DIIHFWLYH WHPSHUDPHQWV SUR¿OHV EHWZHHQ
SDWLHQWV ZLWK UHFXUUHQW XQLSRODU DQG ELSRODU GHSUHVVLRQ DQG WR H[DPLQH




DJH \HDUV*URXS,,SDWLHQWVZLWKELSRODU ,,GLVRUGHU 
PHQ DQG ZRPHQPHDQ DJH    \HDUV*URXS ,,,  SDWLHQWV
ZLWKUHFXUUHQWXQLSRODUGLVRUGHUPHQDQGZRPHQPHDQDJH 
\HDUV $OO SDWLHQWV ZHUH LQ UHPLVVLRQ GHSUHVVLYH HSLVRGH 7KH DIIHFWLYH
WHPSHUDPHQWV ZHUH DVVHVVHG E\ WKH$NLVNDO DQG0DOO\D  DIIHFWLYH
WHPSHUDPHQWVVHPLVWUXFWXUHGTXHVWLRQQDLUHVDIWHU WUDQVODWLRQDQGDGDSWD
WLRQLQGLDOHFWDO$UDELF
5HVXOWV+\SHUWK\PLF WHPSHUDPHQWVFRUHVZHUHKLJKHU LQELSRODU ,DQG,,
JURXSVZLWKUHVSHFWLYHO\DQGYVLQXQL
SRODUJURXSS&\FORWK\PLFWHPSHUDPHQWVFRUHVZHUHVLJQL¿FDQWO\





+\SHUWK\PLF WHPSHUDPHQW VFRUH ZDV DVVRFLDWHG ZLWK SV\FKRWLF IHDWXUHV
LQELSRODU , S  DQG ,, JURXSV S $OVR LWZDV LQYHUVHO\ FRU
UHODWHGZLWKDQXPEHURIGHSUHVVLYHHSLVRGHVLQELSRODU,,JURXSU 
S &\FORWK\PLF WHPSHUDPHQW VFRUHZDVDVVRFLDWHGZLWK IDPLO\KLV





&RQFOXVLRQV +\SHUWK\PLF DQG F\FORWK\PLF WHPSHUDPHQWV FKDUDFWHUL]HG
ELSRODU GLVRUGHUV DQG FRUUHODWHG ZLWK RWKHUPDUNHUV RI ELSRODULW\ IDPLO\
KLVWRU\ SV\FKRWLF DQG VHDVRQDO IHDWXUHV 7KXV WHPSHUDPHQW DVVHVVPHQW

















ZHUH FROOHFWHG DW KRVSLWDO GLVFKDUJH LQ SDWLHQWVZKR UHFHLYHG D WUHDWPHQW
ZLWKRODQ]DSLQHIRUDWOHDVWZHHNVRULQDPEXODWRU\SDWLHQWVDIWHUZHHNV
RI WUHDWPHQWZLWK RODQ]DSLQH ,Q WKLV SXEOLFDWLRQZHZLOO SUHVHQW WKH GDWD
FRPSDULQJWKHSK\VLFLDQ¶VHYDOXDWLRQZLWKWKDWRIWKHSDWLHQWERWKXVLQJWKH
&OLQLFDO*OREDO,PSUHVVLRQ,PSURYHPHQW&*,,UDWLQJVFDOH
5HVXOWV 7KUHH KXQGUHG HLJKWHHQ SDWLHQWV  IHPDOH UHFHLYHG D WUHDW
PHQW ZLWK RODQ]DSLQH IRU DQ DFXWH PDQLF RU K\SRPDQLF HSLVRGH 0RVW
SDWLHQWVKDGDQDJHUDQJHGEHWZHHQDQG\HDUVDQGZHUH


















RI WKH SDWLHQWV HYDOXDWHG WKHPVHOYHVZLWK RQO\  SRLQW GLIIHUHQFHRI
WKH HYDOXDWLRQ RI WKH SK\VLFLDQ 2QO\  RI WKH SDWLHQWV HYDOXDWHG WKHLU
LPSURYHPHQWZLWK !SRLQWVZRUVHWKDQWKHSK\VLFLDQ7KHH[WHQWWRZKLFK
























(YLGHQFH IRU LPPXQH G\VIXQFWLRQ LQFOXGH FKDQJHV LQ WKH OHYHOV RI ,QWHU
OHXNLQVDSRDQG71)DOSKD0DHVHWDO7KHUHOHYDQFHRI WKHVH






(YLGHQFH IRU JHQHWLF FKDQJHV LQFOXGH D VLJQDO WUDQVGXFWLRQ SDWKZD\ ¿UVW





ZLWK',* WR F'1$7KH SUREHZDV K\EULGLVHG RQWRPLFURDUUD\V7KH UH
VXOWDQW JUHDWHVW VLJQL¿FDQW GLIIHUHQFH LQ JHQHV H[SUHVVHGZHUH *73*'3
ELQGLQJSURWHLQ,QWHJULQOLQNHGNLQDVHVSOLFLQJIDFWRUDDQG07)




















GHFUHDVH LQ0$'56 ZDV VLJQL¿FDQWO\ S  VKRUWHU IRU 2)&WUHDWHG
SDWLHQWV 6HULRXV DGYHUVH HYHQWV RFFXUUHGPRUH IUHTXHQWO\ LQ ODPRWULJLQH
WUHDWHG SDWLHQWV ODPRWULJLQH 2)&  S $GYHUVH HYHQWV
RFFXUULQJLQSDWLHQWVDQGPRUHIUHTXHQWO\SZLWK2)&WUHDWPHQW
ZHUHVRPQROHQFHLQFUHDVHGDSSHWLWHGU\PRXWKVHGDWLRQZHLJKWJDLQDQG











-5 %RZGHQ &/ 6DFKV *6$VFKHU -$ 0RQDJKDQ ( 5XGG *' 
$ GRXEOHEOLQG SODFHERFRQWUROOHG VWXG\ RI ODPRWULJLQH PRQRWKHUDS\ LQ


























7KHRYHUDOO UDWHRIGHSUHVVLYH UHODSVHZDVDQG WKHRYHUDOO
LQFLGHQFHRIPDQLDHPHUJHQFHZDV
&RQFOXVLRQV 7KH SUHVHQW ¿QGLQJV VXJJHVW WKDW ORQJWHUP WUHDWPHQW ZLWK














HW DO  ZLWKLQ WKH FKURPRVRPH T UHJLRQ LQ ERWK VFKL]RSKUHQLD
DQGELSRODU DIIHFWLYHGLVRUGHU IDPLOLHV KLJKHVW13/ >QRQSDUDPHWULF ORG@
VFRUH =DOO  FRUUHVSRQGLQJ WR D SYDOXH  DIWHU FRQGXFW
LQJDJHQRPHVFDQ%DLOHUHWDOUHVXOWLQJLQHYLGHQFHIRUOLQNDJHRI















5HVXOWV:H REWDLQHG D S YDOXH RI  ZLWK ERWK 613V UV DQG
UV 3YDOXHV    ZHUH REWDLQHG ZLWK 613V UV
DGMRLQLQJ FHQWURPHULF DQG WKH WHORPHULF DGMRLQLQJ 613V UV
UVUVDQGUV


























RI WKHPZHUHVLQJOH PDUULHG GLYRUFHGDQG 
VHSDUDWHG7KHLUPHDQ&*,6VFRUHVRQDGPLVVLRQZHUH6'DQG
DWGLVFKDUJH6'UHVSHFWLYHO\7KHLUPHDQGXUDWLRQRIKRVSLWDOL]D
WLRQZDV  6'  GD\V   RI WKHP KDG IDPLO\ KLVWRU\ RI
SV\FKLDWULFLOOQHVVSDWLHQWVKDGKLVWRU\RIDOFRKRODEXVHSDWLHQWV
KDGKLVWRU\RIGUXJDEXVHSDWLHQWVKDGFULPLQDOUHFRUG













7RKHQ0 =DUDWH &$ -U +HQQHQ - .KDOVD +0 6WUDNRZVNL 60 *HEUH
0HGKLQ36DOYDWRUH3%DOGHVVDULQL5-7KH0F/HDQ+DUYDUG)LUVW
(SLVRGH0DQLD 6WXG\ SUHGLFWLRQ RI UHFRYHU\ DQG ¿UVW UHFXUUHQFH$P -
3V\FKLDWU\
=DUDWH &$ 7RKHQ0 )OHWFKHU .  &\FOLQJ LQWR GHSUHVVLRQ IURP D










K\SRWKHVL]HG WRFRQWULEXWH WR WKHSDWKRJHQHVLVRIDQXPEHURISV\FKLDWULF
LOOQHVVHV LQFOXGLQJ ELSRODU GLVRUGHU VFKL]RSKUHQLD DQG DWWHQWLRQ GH¿FLW
K\SHUDFWLYLW\GLVRUGHU
0HWKRGV:H SHUIRUPHG D FDVHFRQWURO VWXG\ RQ WKH '$7 +8*2 DS





5HVXOWV7KHJHQRW\SH IUHTXHQFLHV LQ WKHSDWLHQWVJURXSZHUH DV IROORZV
$$$777YVWKHJHQRW\SHIUHTXHQFLHVLQWKHFRQWURO






RIELSRODUGLVRUGHUDW OHDVW LQ WKH,UDQLDQSRSXODWLRQWKDWZHKDYHVWXGLHG








2EMHFWLYHV ,W KDV EHHQ VXJJHVWHG WKDW 7R0 7KHRU\ RI 0LQG GH¿FLWV
DUH SURPLQHQW HYHQ LQ QRQV\PSWRPDWLF VFKL]RSKUHQLD SDWLHQWV DQG VRPH




0HWKRGV )RUWK\WKUHH HXWK\PLF SDWLHQWV ZLWK ELSRODU GLVRUGHU DQG 
KHDOWK\ FRQWURO VXEMHFWVZHUH LQYROYHG LQ WKLV VWXG\7KHRU\RIPLQGZDV
DVVHVVHGE\WKH(\HVWHVWDQGWKH+LQWLQJWDVN%RWKJURXSVZHUHDOVRHYDOX































































ZKHWKHU DQWLGHSUHVVDQWV GLIIHU ZLWK UHVSHFW WR GLVFRQWLQXDWLRQ V\PSWRPV











ZLWKHVFLWDORSUDPQ SDUR[HWLQH Q YHQODID[LQH;5Q 
RUSODFHERQ 
5HVXOWV 'LVFRQWLQXDWLRQ V\PSWRPV ZHUH WUDQVLHQW ,Q 0'' SDUR[HWLQH
DQGYHQODID[LQH;5VKRZHG VLJQL¿FDQWO\PRUHGLVFRQWLQXDWLRQ V\PSWRPV
WKDQ HVFLWDORSUDP D VLJQL¿FDQWO\ ORZHU QXPEHU RI GLVFRQWLQXDWLRQHPHU
JHQWV\PSWRPVIRUHVFLWDORSUDPWKDQIRUSDUR[HWLQHZDVDOVRVHHQLQVRFLDO


















0HWKRGV ,Q  SDUWLFLSDQWV RI WKH *HUPDQ\ 1DWLRQDO +HDOWK 6XUYH\
OLIHWLPH SUHYDOHQFHV IRU DIIHFWLYH GLVRUGHUV ZHUH DVVHVVHG WKURXJK WKH
&RPSRVLWH ,QWHUQDWLRQDO'LDJQRVWLF ,QWHUYLHZDQGFDUGLRYDVFXODUGLVHDVHV
E\ VHOIUHSRUW DQG VXEVHTXHQW SK\VLFLDQ GLDJQRVLV 0XOWLYDULDEOH ORJLVWLF
UHJUHVVLRQZDVXVHGLQWKHDQDO\VLV
5HVXOWV3UHYDOHQFHVRIXQLSRODUGHSUHVVLRQELSRODUGLVRUGHUDQGG\VWK\PLD
ZHUH VLJQL¿FDQWO\ KLJKHU LQ SDUWLFLSDQWV ZLWK FRURQDU\ KHDUW GLVHDVH RU








DIIHFWLYHGLVRUGHUVZLWK VSHFLDO DWWHQWLRQ WRG\VWK\PLD&XUUHQWELRORJLFDO
PRGHOVRIGHSUHVVLRQGRQRWZHOOH[SODLQWKHYDU\LQJULVNVIRU&9'VDPRQJ
SDWLHQWVDFFRUGLQJWRFHUWDLQDIIHFWLYHGLVRUGHUV7KHVH¿QGLQJVPD\LPSDFW














RI MXYHQLOH %3' \HW UHPDLQV FRPSOH[ 7KLV SDSHU H[DPLQHV GLIIHUHQWLDO
GLDJQRVWLF FKDOOHQJHV IRU LGHQWLI\LQJ HDUO\RQVHW %3' LQ WKH FRQWH[W RI
RYHUODSSLQJV\PSWRPVZLWKHSLOHSWLFV\QGURPH







OHSV\ V\QGURPHGLDJQRVWLF FKDOOHQJHVPDLQO\ UHIHU WR FRPRUELGLW\
DJHRIRQVHWDQGPLPLFRIPDQLFV\PSWRPV












7KLUG FHUWDLQ V\PSWRPV PD\ PLPLF PDQLF RU HSLOHSWLF V\QGURPHV 3DU
R[\VWLFPDQLIHVWDWLRQVIROORZLQJVLQJOHRUUHFXUULQJHSLOHSWLFHSLVRGHVPD\








IHFWLYHO\ EHWZHHQPDQLIHVWDWLRQV RI SULPDU\PDQLD VHFRQGDU\PDQLD DQG
SVHXGRVHL]XUHV )ROORZXS VWXGLHV VKRXOG DOORZ GLVHQWDQJOLQJ FRQGLWLRQV
LQZKLFKHSLOHSV\FRH[LVWVZLWK%3'IURPWKRVHLQZKLFKLQLWLDOHSLOHSWLF
V\PSWRPVHYROYHLQWR%3'DQGWKRVHLQZKLFKHDUO\RQVHWµDW\SLFDO¶PDQLD





.XGR7 ,VKLGD 6.XERWD+ HW DO 0DQLF HSLVRGH LQ HSLOHSV\ DQG
ELSRODU,GLVRUGHUDFRPSDUDWLYHDQDO\VLVRISDWLHQWV(SLOHSVLD













2EMHFWLYHV 'HSUHVVLYH V\PSWRPV UHODWHG WR WUHDWPHQW ZLWK SHJ\ODWHG
LQWHUIHURQSOXVULEDYLULQLQSDWLHQWVZLWKKHSDWLWLV&DUHFRPPRQ5DLVRQHW
DO7KHHIIHFWRIVXFKWUHDWPHQWRQFRJQLWLYHIXQFWLRQLQVXFKSDWLHQWV
ZDV QRW PXFK VWXGLHG 7KH SXUSRVH RI WKH SUHVHQW VWXG\ ZDV DQ DVVHVV
PHQWRIWKHLQFLGHQFHRIGHSUHVVLRQDQGFRJQLWLYHG\VIXQFWLRQVLQVXEMHFWV
ZLWKGLDJQRVLVRIKHSDWLWLV&EHIRUH DQGDIWHU WKUHHPRQWK WUHDWPHQWZLWK
SHJ\ODWHGLQWHUIHURQDQGULEDYLULQ
3DWLHQWVDQGPHWKRGV1LQHW\WZRSDWLHQWVZLWKKHSDWLWLV&PDOHVDQG
 IHPDOHV DJHG  \HDUVZHUH HQUROOHG7KH LQWHQVLW\ RI GHSUHVVLRQ
ZDVDVVHVVHGXVLQJWKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+'56&RJQL
WLYH IXQFWLRQVZHUHH[DPLQHGE\ WKH6WURRS&RORU:RUG,QWHUIHUHQFH7HVW
$	% DQG WKH7UDLO0DNLQJ7HVW 707$	% )RXUWHHQ SDWLHQWVZLWK
FOLQLFDOGHSUHVVLRQDWWKH¿UVWH[DPLQDWLRQZHUHFRQFRPLWDQWO\WUHDWHGZLWK
DQDQWLGHSUHVVDQW
5HVXOWV$IWHU WKUHHPRQWK WUHDWPHQWZLWK SHJ\ODWHG LQWHUIHURQ SOXV ULED
YLULQ WKH LQWHQVLW\RIGHSUHVVLRQ LQSDWLHQWVZKRZHUHQRW WUHDWHGZLWK










&RQFOXVLRQV7KUHHPRQWK WUHDWPHQWZLWK SHJ\ODWHG LQWHUIHURQ SOXV ULED
YLULQZDVDVVRFLDWHGZLWKDQLQFUHDVHRIGHSUHVVLYHV\PSWRPVDQGZLWKDQ
LPSURYHPHQW RI YLVXRVSDWLDO ZRUNLQJ PHPRU\ SV\FKRPRWRU VSHHG DQG
VLPXOWDQHRXVO\ZLWKZRUVHQLQJ RQ YHUEDOZRUNLQJPHPRU\ DQG DWWHQWLRQ

































WKDQ LQ WKH SODFHER JURXS  S 6LJQL¿FDQW LPSURYHPHQW ZDV























2EMHFWLYHV 7KH (XURSHDQ 0DQLD LQ %LSRODU /RQJLWXGLQDO (YDOXDWLRQ RI
0HGLFDWLRQ (0%/(0 LV D ODUJHVFDOH SURVSHFWLYH REVHUYDWLRQDO PXOWL
FHQWUHVWXG\GHVLJQHGWRHYDOXDWHWKHORQJLWXGLQDOFRXUVHRIELSRODUGLVRUGHU
DQG LWV DVVRFLDWLRQV ZLWK SKDUPDFRORJLFDO WUHDWPHQW IROORZLQJ DQ DFXWH
PDQLFRUPL[HGHSLVRGH:HSUHVHQWDQRYHUYLHZRI WKHVWXG\GHVLJQDQG
WKH GHPRJUDSKLF DQG FOLQLFDO FKDUDFWHULVWLFV RI  SDWLHQWV DW EDVHOLQH





SV\FKLDWULF KLVWRU\ FOLQLFDO VWDWXV DQG LQIRUPDWLRQ RQ SKDUPDFRORJLFDO
WUHDWPHQWIRUELSRODUGLVRUGHUZHUHUHFRUGHG,WHPVIURPWKH6/,&(RI/,)(
ZHUHDSSOLHG LQFOXGLQJDPHDVXUHRISDWLHQW IXQFWLRQDO VWDWXV LQ WHUPVRI
ZRUNLPSDLUPHQWGXULQJWKHSUHYLRXV\HDU7KHGLVWULEXWLRQRIWKHEDVHOLQH
FKDUDFWHULVWLFVZDVDQDO\VHGZLWKGHVFULSWLYHVWDWLVWLFV(LJKWHHQFURVVVHF







RWKHU WKDQDOFRKRODQGFDQQDELVZHUH &, WR WLPHVPRUH



















2EMHFWLYHV 0DMRU GHSUHVVLRQ GLVRUGHU 0'' LV WKH SV\FKLDWULF GLVHDVH
ZLWK WKH KLJKHVW OLIHWLPH ULVN RI VXLFLGH ZLWK D ¿JXUH RI DERXW  ,Q
WKH IDFH RI WKH HPHUJLQJ RSSRUWXQLW\ IRUPHGLFDO SURSK\OD[LV RI VXLFLGH
LW DSSHDUV FUXFLDO WR VHDUFK IRU IXUWKHU SUHGLFWRUV RI LQFUHDVHG VXLFLGDO





0HWKRGV  LQSDWLHQWVZLWK DPRGHUDWH RU VHYHUH HSLVRGHRI0''KDYH
EHHQ LQFOXGHGFRQVHFXWLYHO\ LQ DQRQJRLQJFRQWUROOHGRQHWLPHFURVVVHF

















IRU WKH DWWHPSWHG VXLFLGH JURXS YV 0  6'  IRU WKH FRQWURO






DV D SULQFLSDO FRPSRQHQW RI WKH RULHQWLQJ UHVSRQVH 2525KDELWXDWLRQ
RFFXUUHGIDVWHULQGHSUHVVHGSDWLHQWVZLWKDKLVWRU\RIDWWHPSWHGVXLFLGHWKDQ








2EMHFWLYHV7RHVWDEOLVK D FRPSDUDWLYH VWXG\RI WKH FKDUDFWHULVWLFVRI WKH
GHSUHVVLRQ WKH SV\FKRVRFLDO IDFWRUV DQG WKH OLIH HYHQWV DVVRFLDWHG ZLWK
GHSUHVVLRQDW0RURFFDQZRPHQDQGPHQ
0HWKRGV2QHKXQGUHG 1 GHSUHVVLYHSDWLHQWVZHUH UHFUXLWHG LQ WKH
SV\FKLDWULF XQLYHUVLW\ FHQWUH RI &DVDEODQFD 7KH XVHG LQVWUXPHQWV ZHUH
WKH0LQL LQWHUQDWLRQDOQHXURSV\FKLDWULF LQWHUYLHZ0,1,7KH+DPLOWRQ
GHSUHVVLRQ VFDOH +'56 WKH+DPLOWRQ DQ[LHW\ VFDOH +$6 DQG WKH
LQYHQWRU\ RI 3D\NHO 7KH  JURXSVZHUHPDWFKHG E\ DJH VRFLRHFRQRPLF
OHYHODQGPDULWDOVWDWXV
5HVXOWV7KHSUHYDOHQFHRIWKHGHSUHVVLRQRQOLIHZDVDPRQJZRPHQ
YHUVXV DPRQJPHQ:RPHQKDGPRUH WHQGHQF\ WR UHODSVH WKDQPHQ
YVUHODSVH'HSUHVVLRQDSSHDUHGHDUOLHUZLWKZRPHQ
\HDUV YV  \HDUV 0DUULHG ZRPHQ PDGH PRUH GHSUHVVLRQ WKDQ
PDUULHGPHQ YV 0HQRI WKH VDPSOH VXIIHU IURPDOFRKRO
LVP PRUH WKDQ ZRPHQ  YV  7KH OLIH HYHQWV ZKLFK DUH WKH










2EMHFWLYHV 7R HYDOXDWH WKH  PRQWK HI¿FDF\ DQG WROHUDELOLW\ LQ VWDEOH








GLDJQRVLV RI ELSRODU GLVRUGHU ZHUH VZLWFKHG EHFDXVH RI QRQFRPSOLDQFH
VLGHHIIHFWVLQVXI¿FLHQWHI¿FDF\DQGRURWKHUUHDVRQV




7KUHH SDWLHQWV GLVFRQWLQXHG WKH VWXG\ HDUO\ GXH WRZLWKGUDZDO RI FRQVHQW



















GHSUHVVLYH HSLVRGHV7KLV WUHDWPHQWZDV DVVRFLDWHGZLWK LPSURYHG JOREDO








%DFNJURXQG ,Q DQ LQWHUQDWLRQDO WULDO RSHQODEHO ULVSHULGRQH DXJPHQWD
WLRQZDVDVVRFLDWHGZLWKV\PSWRPUHVROXWLRQLQDODUJHQXPEHURISDWLHQWV
ZLWKGHSUHVVLRQ UHVLVWDQW WR VWDQGDUGDQWLGHSUHVVDQW WKHUDS\7KLVDQDO\VLV
H[SORUHGZKHWKHUSUHGLFWRUVRIWKLVUHVSRQVHFRXOGEHLGHQWL¿HG
0HWKRGV 7KH VWXG\ LQFOXGHG DQ RSHQODEHO FLWDORSUDP SKDVH WR FRQ¿UP
QRQUHVSRQVH WR D VWDQGDUG DQWLGHSUHVVDQW IROORZHGE\ DQ RSHQODEHO ULV
SHULGRQH DXJPHQWDWLRQ SKDVH WR LGHQWLI\ SDWLHQWVZKR DFKLHYHG V\PSWRP
UHVROXWLRQ/RJLVWLF UHJUHVVLRQPRGHOV H[DPLQHG WKH UHODWLRQVKLS EHWZHHQ
EDVHOLQHGHPRJUDSKLFGLVHDVHFKDUDFWHULVWLFVDQGV\PSWRPUHVROXWLRQZLWK
ULVSHULGRQHDXJPHQWDWLRQ
5HVXOWV 8QLYDULDWH PRGHOV LGHQWL¿HG EDVHOLQH IDFWRUV DVVRFLDWHG ZLWK D
JUHDWHU OLNHOLKRRG RI V\PSWRP UHVROXWLRQ DV IHZHU SULRU DQWLGHSUHVVDQWV
LQWKHFXUUHQWHSLVRGH±YV!S ORQJHUGXUDWLRQRIWKHFXUUHQW
HSLVRGH!\HDUVYV±\HDUVS ORZHUDQ[LHW\UDWLQJVYLD+$0'






























0HWKRGV ,QDOO WULDOV VXEMHFWVZKRPHWHLWKHU'60,,,RU ,9FULWHULD IRU
PDMRU GHSUHVVLRQ ZHUH UDQGRPL]HG WR WUHDWPHQW IRU  ZHHNV ZLWK HLWKHU
PLUWD]DSLQHFRPSOHWHGRUDQ665,FRPSOHWHG




5HVXOWV 3DWLHQWV WUHDWHGZLWKPLUWD]DSLQH KDG D VLJQL¿FDQWO\ JUHDWHU ¿UVW
UHVSRQVH3  DQGVXVWDLQHGUHVSRQVH3  RQ WKH%HFKVFRUH




























DJHPDWFKHG KHDOWK\ FRQWUROV ZHUH WUHDWHG ZLWK %/7 DGPLQLVWHUHG LQ WKH





































GHSUHVVLRQ DQG DPDLQ UHVLGXDO V\PSWRP SHUVLVWLQJ DIWHU WUHDWPHQW LQWHU
YHQWLRQV$OWKRXJKIDWLJXHLVGLI¿FXOW WRGH¿QHDQGFRQFHSWXDOL]HYDULRXV
VHOIUHSRUWIDWLJXHPHDVXUHVKDYHEHHQSURSRVHGWRDVVHVVLWVVHYHULW\LQD
FRQWLQXXPDQGHYDOXDWHRWKHUDVVRFLDWHGDVSHFWV LQ VHYHUDOFOLQLFDO VWDWHV
7KHSXUSRVHRIWKLVVWXG\LVWRUHYLHZWKHVSHFL¿FLQVWUXPHQWVXVHGWRPHDV
XUHIDWLJXHLQGHSUHVVHGSDWLHQWV



















'LWWQHU$-:HVVHO\ 6& %URZQ5* 7KH DVVHVVPHQW RI IDWLJXH D



























0HWKRGV*UDGLHQW HFKR HFKRSODQDU LPDJLQJ DW 7HVOD 75VZDV
XVHGWRVWXG\ELSRODUGHSUHVVHGLQSDWLHQWVEHIRUHDQGDIWHUWUHDWPHQWZLWK
UHSHDWHG76'
7KH FRJQLWLYH DFWLYDWLRQ SDUDGLJP FRQVLVWHG RI D JRQRJR WDVN :RUGV












$IWHU WUHDWPHQW PD[LPDO VLJQL¿FDQW FKDQJHV LQ %2/' VLJQDO ZLWK WKH
SRVLWLYHQHJDWLYHFRQWUDVWZHUHREVHUYHGLQDFOXVWHUORFDWHGLQGRUVRODWHUDO























2EMHFWLYHV ,Q SDWLHQWV ZLWK PDMRU GHSUHVVLRQ DEQRUPDOLWLHV LQ EDVHOLQH
FRUWLVRO VHFUHWLRQDQG UHVLVWDQFH WRQHJDWLYH IHHGEDFNDUHZHOOHVWDEOLVKHG
+RZHYHULWLVXQFOHDULISDWLHQWVZLWKPDMRUGHSUHVVLRQKDYHDOWHUDWLRQV














PDFRWKHUDS\ DQG QRQ SKDUPDFRORJLFDO WUHDWPHQW VLGH HIIHFWV 'HOWDPD[
DVGLIIHUHQFHEHWZHHQWKHEDVHOLQHFRUWLVROOHYHODQGWKHPD[LPXPFRUWLVRO
OHYHOZDVFDOFXODWHG
5HVXOWV 7KH SUHOLPLQDU\ UHVXOWV RI RXU VWXG\ Q    VXJJHVW WKDW QRQ
UHPLWWHGGHSUHVVHGSDWLHQWVQ KDPGVFRUHVKRZGLIIHUHQWUHDFWLRQV
WRDVRFLDOVWUHVVRUFRPSDUHGWRUHPLWWHGSDWLHQWVQ KDPGVFRUH
1RQUHPLWWHG GHSUHVVLYH SDWLHQWV VKRZ D K\SRUHVSRQVLYHQHVV 'HOWDPD[




































 FLWDORSUDP  VHUWUDOLQH  ÀXR[HWLQH  DQG
PLUWD]DSLQH  $IWHU  ZHHNV RI WUHDWPHQW WKH 9;5 JURXS GHP
RQVWUDWHGD VLJQL¿FDQWO\KLJKHU UHPLVVLRQ UDWH WKDQ WKH&$JURXS 
9;5 &$ S  7KH UDWH RI UHPLVVLRQ RI ZDV
VLJQL¿FDQWO\KLJKHUWRWKHRQHDFKLHYHGE\SDUR[HWLQHFLWDORSUDP
 VHUWUDOLQH  ÀXR[HWLQH  DQG PLUWD]DSLQH 
LQGLYLGXDOO\$WRWDORIDGYHUVHHYHQWVZHUHUHFRUGHGIRUSDWLHQWV
LQWKH9;5JURXSDQGLQWKH&$JURXS
&RQFOXVLRQV5HVXOWV VXJJHVW WKDW LQ D PRQWK VWXG\ SHULRG YHQODID[LQH
H[WHQGHGUHOHDVHPD\EHPRUHHIIHFWLYHLQWKHWUHDWPHQWRIGHSUHVVLRQWKDQ
FRQYHQWLRQDO DQWLGHSUHVVDQWV VWXGLHG PDLQO\ VHOHFWLYH VHURWRQLQ UHXSWDNH
LQKLELWRUV665,VLQSDWLHQWVZKRKDYHIDLOHGDSUHYLRXV&$WUHDWPHQW
5HIHUHQFHV
7KDVH0( 5HPLVVLRQ UDWHVGXULQJ WUHDWPHQWZLWKYHQODID[LQHRU
VHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV%U-3V\FKLDWU\
(LQDUVRQ75$ULNLDQ65&DVLDQR-'R\OH--&RPSDULVRQRI



























5HVXOWV (DFKPXOWLSOH OLQHDU UHJUHVVLRQ DQDO\VLV FRQWUROOLQJ IRU VH[ DQG
DJHUHYHDOHGWKDW9%5ZDVVWURQJO\FRUUHODWHGZLWKDJH3DQGWKH
GXUDWLRQRIGHSUHVVLRQ3 EXWQRWFRUUHODWHGZLWKWKHRWKHUIDFWRUV
















2EMHFWLYHV2XU KLVWRFKHPLFDO DQG XOWUDVWUXFWXUDO VWXGLHV KDYH LGHQWL¿HG









LQGLYLGXDOV ,VVLGRULGHV  ZKHUH 1$ LV ELRFKHPLFDOO\ NQRZQ WR EH




JROGPHWKRG:HDOVR VHOHFWHGSRVWPRUWHP WLVVXHVRI/& IURP VXLFLGHV
DQGQRUPDOFRQWUROVIRUWKHVWXG\RIPHPEUDQHXOWUDVWUXFWXUHRI3%DQG
PLWRFKRQGULD ZLWK WKH SRWDVVLXP SHUPDQJDQDWH .0Q2XUDQ\O QLWUDWH
PHWKRG
5HVXOWV'%+ LPPXQRJROG ODEHOLQJZDV ORFDOL]HG LQ WKH FRUH DQG LQ WKH
GRXEOHPHPEUDQHV VXUURXQGLQJ WKH3%RI FRQWUROV:KLOH'%+ LPPXQR
JROG ODEHOLQJZDVDOVRSUHVHQW LQ WKH3%RI WKHGHSUHVVHG LQGLYLGXDOV WKH
GRXEOHPHPEUDQHV VXUURXQGLQJ WKHVH VWUXFWXUHVZHUH YDULRXVO\ GLVUXSWHG
7KLV PHPEUDQH GLVUXSWLRQ RI WKH 3% LQ WKH VXLFLGHV ZDV FRQ¿UPHG DQG





VXEMHFWV7KH¿QGLQJV WKDW LQGHSUHVVLRQ WKHGRXEOHPHPEUDQHVRI3%DUH
GLVUXSWHG ZKLOH '%+ SHUVLVWV ±LQGLFDWLQJ LQWDFW 1$ V\QWKHVLV VXJJHVW
WKDW WKHUHLV OHDNDJHDQGORVVRI WKHQHXURWUDQVPLWWHUIURPLWVVWRUDJHVLWH
FRUURERUDWLQJ WKH ELRFKHPLFDO ¿QGLQJV RI UHGXFHG OHYHO RI1$ LQ WKH/&
QHXURQVLQGHSUHVVLRQ
5HIHUHQFHV
,VVLGRULGHV05 .ULKR9 3DSSDV *'  7KH ¿QH VWUXFWXUH RI ODUJH
GHQVHFRUH RUJDQHOOHV LQ KXPDQ ORFXV FRHUXOHXV QHXURQV1HXURO 5HV 

,VVLGRULGHV05+DYDNL 6$UYDQLWLV'/&KU\VDQWKRX3LWHURX0 
1RUDGUHQDOLQH VWRUDJH IXQFWLRQ RI VSHFLHVVSHFL¿F SURWHLQ ERGLHV PDUN















WHP VWXGLHV VXJJHVW KLSSRFDPSDO LQYROYHPHQW LQ WKH SDWKRSK\VLRORJ\ RI
PDMRUGHSUHVVLRQ'H¿FLWVLQWKLVVWUHVVVHQVLWLYHVWUXFWXUHKDYHEHHQ
OLQNHGWRERWKWKHFRJQLWLYHDQGHPRWLRQDOFRUUHODWHVRI WKHGLVRUGHU3DWK
PRGHOLQJ VWXGLHV XVLQJ SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 GDWD IXUWKHU
LPSOLFDWH WKH KLSSRFDPSXV LQ WKH DOWHUHG QHXUDO FLUFXLWU\ RI GHSUHVVLRQ
 +RZHYHU IHZ VWXGLHV KDYH H[DPLQHG WKH UHJLRQDO VSHFL¿FLW\ RI KLS
SRFDPSDO DEQRUPDOLWLHV LQPDMRU GHSUHVVLRQ ZKLFK LV LPSRUWDQW EHFDXVH
WKH KLSSRFDPSXV KDV GLIIHUHQW QHXURDQDWRPLFDO SURMHFWLRQV DQG FHOOXODU
RUJDQL]DWLRQDORQJLWVORQJLWXGLQDOD[LV
0HWKRGV :H WKHUHIRUH XVHG SURWRQ PDJQHWLF UHVRQDQFH VSHFWURVFRSLF










&RQFOXVLRQV 2XU ¿QGLQJ RI UHGXFHG 1$$ LQ WKH DQWHULRU KLSSRFDPSXV
PD\ UHÀHFW GHFUHDVHG LQWHUQHXURQDO QHXURSLO RU QHXURQDO PLWRFKRQGULDO
G\VIXQFWLRQDQGLVFRQVLVWHQWZLWKHYLGHQFHRIORZHUPHWDEROLVPLQWKHOHIW










 6WRFNPHLHU &$ 0DKDMDQ *- .RQLFN /& 2YHUKROVHU -& -XUMXV *-
0HOW]HU+<8\OLQJV+%)ULHGPDQ/5DMNRZVND*&HOOXODUFKDQJHV LQ
WKH SRVWPRUWHP KLSSRFDPSXV LQPDMRU GHSUHVVLRQ %LRO 3V\FKLDWU\ 

6HPLQRZLF]'$0D\EHUJ+60F,QWRVK$5*ROGDSSOH..HQQHG\6
6HJDO=5D¿7DUL 6/LPELFIURQWDO FLUFXLWU\ LQPDMRU GHSUHVVLRQ D SDWK
PRGHOLQJPHWDQDO\VLV1HXUR,PDJH
 6D[HQD 6 %URG\$/ +R0/$OERU]LDQ 6 +R0. 0DLGPHQW .0
+XDQJ6&:X+0$X6&%D[WHU/5-U&HUHEUDOPHWDEROLVP LQPDMRU





























0HWKRGV :H PHDVXUHG OHIW ULJKW WRWDO DQG VXEUHJLRQDO KLSSRFDPSDO
YROXPH LQ  HXWK\PLF IHPDOHV ZLWK IDPLOLDO PDMRU GHSUHVVLRQ DQG 
DJHPDWFKHGIHPDOHFRQWUROVDQGLQHXWK\PLFPDOHVZLWKIDPLOLDOPDMRU




















/HIWVW)LIWK      
5LJKWVW)LIWK      
/HIWQG)LIWK      
5LJKWQG)LIWK      
/HIWUG)LIWK      
5LJKWUG)LIWK      
/HIWWK)LIWK      
5LJKWWK)LIWK      
/HIWWK)LIWK      
5LJKWWK)LIWK      
/HIW7RWDO+9      
5LJKW7RWDO+9      
&RQFOXVLRQV 7KLV SUHOLPLQDU\ VWXG\ XQGHUVFRUHV WKH LPSRUWDQFH RI

























0HWKRGV 7ZHOYHPDOH SDWLHQWVZLWK IDPLOLDO0'' DQG  DJHPDWFKHG
PDOH FRQWUROV ZHUH H[DPLQHG ZLWK PXOWLVOLFH + 056, RQ D 6LHPHQV


















RI QHXURQ QXPEHU LQ WKH OLPELF WKDODPXV RI SDWLHQWV ZLWK PDMRU GHSUHV
VLRQZKLFK UHSRUWHG VLJQL¿FDQWO\PRUHQHXURQV LQ WKHPHGLRGRUVDO 
DQG DQWHURYHQWUDODQWHURPHGLDO  WKDODPXV YV FRQWUROV 7KH&KR
UHVRQDQFH LVGHULYHG IURPVHYHUDO FRPSRXQGVPRVWQRWDEO\JO\FHURSKRV
SKRU\OFKROLQHDQGSKRVSKRU\OFKROLQHZKLFKPDNHXSPRUHWKDQRIWKH
UHVRQDQFH,WLVNQRZQWRLQFUHDVHLQFRQGLWLRQVZKHUHWKHUHLVHOHYDWHGFHOO
PHPEUDQH SKRVSKROLSLG PHWDEROLVP VXFK DV RQJRLQJ P\HOLQ EUHDNGRZQ
DQGRUJOLDOFHOOSUROLIHUDWLRQ,QWKLVVWXG\¿QGLQJLQFUHDVHG1$$DQG&KR

























0HWKRGV$ UDQGRPVXEVDPSOHRISHUVRQVDJHG IURPD ODUJHU
FRPPXQLW\ VDPSOH XQGHUZHQW SV\FKLDWULF DQG SK\VLFDO DVVHVVPHQWV DQG
EUDLQ05, VFDQV 6XEMHFWV ZHUH DVVHVVHG XVLQJ WKH 35,0(0' IRU V\Q











D VLJQL¿FDQW DVVRFLDWLRQ ZLWK GHSUHVVLYH V\PSWRPV :KLOH ZKLWH PDWWHU





PLGGOHDJHG LQGLYLGXDOV 7KH HIIHFWV RI IROLF DFLG DQG KRPRF\VWHLQH DUH





















%DFNJURXQG 7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH UHODWLRQVKLS
EHWZHHQ VXLFLGDO EHKDYLRU DQG K\SRWKDODPLFSLWXLWDU\ WK\URLG +37 D[LV
DFWLYLW\LQGHSUHVVHGSDWLHQWV
0HWKRGV:H HYDOXDWHG WKH VHUXP OHYHOV RI 76+ IUHH WK\UR[LQH )7









&RQFOXVLRQV 7KLV VWXG\ VXJJHVWV WKDW LQ 16$V K\SHUVHFUHWLRQ RI K\
SRWKDODPLF75+DVUHÀHFWHGE\WKHGHFUHDVHG75+UHFHSWRUIXQFWLRQPD\
UHSUHVHQWDFRPSHQVDWRU\PHFKDQLVPWRPDLQWDLQQRUPDOVHUXP7DQG7











JXLVKLQJ GHSUHVVLYH SDWLHQWV IURP QRUPDO FRQWUROV XWLOL]LQJ HYHQWUHODWHG
SRWHQWLDOV (53V 7KH V\VWHPZDV LPSOHPHQWHG RQ LQWUDFUDQLDO FXUUHQWV
FRPSXWHGE\ WKH%UDLQ(OHFWURPDJQHWLF7RPRJUDSK\PHWKRGXVLQJ$OJH
EUDLF5HFRQVWUXFWLRQ7HFKQLTXHV%(7$579HQWRXUDVHWDO
0HWKRGV 7ZHQW\¿YH SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU DFFRUGLQJ
WKH '60,9 FULWHULD DQG DQ HTXDO QXPEHU RI JHQGHU DQG DJHGPDWFKHG
KHDOWK\ FRQWUROV ZHUH HYDOXDWHG E\ D FRPSXWHUL]HG YHUVLRQ RI WKH GLJLW
VSDQ:HFKVOHU WHVW 3DSDJHRUJLRXHWDO(53VZHUH UHFRUGHG IURP
VFDOSHOHFWURGHV)S)S))&&&&33223]










SRVLWLRQ ZLWK DOO XSWRIRXU IHDWXUHV FRPELQDWLRQV 7KH OHDYHRQHRXW
PHWKRG ZDV HPSOR\HG IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI WKH FODVVL¿FD
WLRQ V\VWHP DQG WKH EHVW UHVXOWV ZHUH REWDLQHG IRU DQ LQWUDFUDQLDO VRXUFH
SRVLWLRQ FRUUHVSRQGLQJ WR ULJKW SRVWHULRU QHXURDQDWRPLFDO GLYLVLRQ XVLQJ
WZR IHDWXUHV UHODWHG WR WKH DPSOLWXGH DQG VORSH RI WKH FXUUHQWZDYHIRUP
FRPSRQHQW 2YHUDOO DFFXUDF\ ZDV   RXW RI  VXEMHFWV FRUUHFWO\
FODVVL¿HG0RUH VSHFL¿FDOO\ VHQVLWLYLW\ZDV   GHSUHVVLYH SDWLHQWV









.DODW]LV , 3LOLRXUDV 1 9HQWRXUDV ( 3DSDJHRUJLRX && 5DEDYLODV $'
&DYRXUDV''HVLJQDQGLPSOHPHQWDWLRQRIDQ690EDVHGFRPSXWHU

















6\VWHP XVLQJ 6XSSRUW 9HFWRU 0DFKLQHV 690 DQG 3UREDELOLVWLF 1HXUDO
1HWZRUNV 311´ FRIXQGHG E\  IURP WKH(XURSHDQ8QLRQ DQG 

















EHGLIIHUHQWLDWHGZLWK UHJDUG WR WKHEUDLQDFWLYLW\FRPSXWHGE\/25(7$
WKURXJKLQYHUVLRQRIWKH3FRPSRQHQW
0HWKRGV7ZHQW\¿YHSDWLHQWVZLWK0''DFFRUGLQJ WKH'60,9FULWHULD







EXWLRQVXVLQJ WKH/25(7$PHWKRG 3DVFXDO0DUTXL DQG/HKPDQQ
7KHGLSROH FXUUHQWZDYHIRUPSHDN DPSOLWXGH DQG ODWHQF\ZHUH FRPSXWHG
















IHVW DOWHUDWLRQVZLWK UHJDUG WR WKH UHVSRQVH VHOHFWLRQ VWDJHRI LQIRUPDWLRQ















HVLV RI SDOOLXP FRUWH[ ZKRVHZDOO LQ WKH ¿UVW WZRPRQWKV RI JHVWDWLRQ
UHPDLQYHU\WKLQDQGLWLVFRPSRVHGE\RQO\WKUHHFDSHVEXWDWWKHHQGRI
WKH VHFRQGPRQWKEHJLQ D FHOOXODUPLJUDWLRQRI WKH FDSHRIPDQWOH WR WKH
PDUJLQDO ]RQHPDNLQJ WKH JUD\ VXEVWDQFH 7KH EUDLQ FRUWH[0HDQZKLOH
FHOOVDUHRUJDQL]LQJLQQXPHURXVKRUL]RQWDOFDSHVZKLFKDUHVL[LQ WKHVL[



















0HWKRGV )LIW\ SDWLHQWV EHWZHHQ  DQG  \HDUV ROG:RPHQ ZLWK WKH
GLDJQRVWLF RIPDMRU GHSUHVVLRQZHUH VWXGLHGZLWK WKH'60 ,9DQG0,1,





















2EMHFWLYHV 'RSDPLQH UHFHSWRU JHQH YDULDWLRQ KDG EHHQ K\SRWKHVL]HG WR
LQÀXHQFH SHUVRQDOLW\ WUDLWV RI DSSURDFK DQG DYRLGDQFH LQFOXGLQJ WKRVH
FRQIHUULQJ YXOQHUDELOLW\ WR DQ[LHW\ DQG GHSUHVVLRQ KRZHYHU WKH ¿QGLQJV
ZHUH LQFRQFOXVLYH 7KLV VWXG\ LQYHVWLJDWHG SRVVLEOH DVVRFLDWLRQV EHWZHHQ




ZDV LQYHVWLJDWHG ZLWK RQH RU PRUH RI VHYHUDO SHUVRQDOLW\ TXHVWLRQQDLUHV
QDPHO\(3,003,DQG67$,




SKLVP KDG ORZHU VFRUHV RQ WKH(3, QHXURWLFLVP S  DV FRPSDUHG WR
KHWHUR]\JRXVLQGLYLGXDOV7KHUHZDVDWUHQGIRUKRPR]\JRWHVDOVRWRKDYH
ORZHU VFRUHVRQ WKH'HSUHVVLRQ VFDOHRI003, S 7KH DVVRFLDWLRQ
ZLWK WKH QHXURWLFLVP ZHUH PRUH SURPLQHQW LQ *O\*O\ JHQRW\SH FDUULHUV
S WKDQLQWKRVHZLWK6HU6HUJHQRW\SHVS %HVLGHVVXEMHFWV
KRPR]\JRXVIRUWKH*O\DOOHOHGHPRQVWUDWHGWHQGHQFLHVWREHVFRUHGORZHU
WKDQKHWHUR]\JRWHVRQ WKH67$, WUDLW DQ[LHW\ DQG WKH003,6RFLDO
LQWURYHUVLRQS 









2EMHFWLYHV7KH DLP RI WKLV VWXG\ZDV WR LQYHVWLJDWH WKH UHODWLRQVKLS EH
WZHHQ VXLFLGDO EHKDYLRXU DQG K\SRWKDODPLFSLWXLWDU\ WK\URLG +37 D[LV
DFWLYLW\LQGHSUHVVHGSDWLHQWV
0HWKRGV:H HYDOXDWHG WKH VHUXP OHYHOV RI 76+ IUHH WK\UR[LQH )7




5HVXOWV 75+LQGXFHG 76+ UHVSRQVHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW
EHWZHHQ6$VDQGFRQWUROVEXWZHUHEOXQWHGLQ16$VDW$0SDW
30S2ZLQJWRGHFUHDVHG)7EDVDOOHYHOV6$VVKRZHGORZHU
)7)7 UDWLRV WKDQ FRQWUROV DW $0 S DW 30 S DQG
16$VDW$0S DW30S
&RQFOXVLRQV 7KLV VWXG\ VXJJHVWV WKDW 16$V K\SHUVHFUHWLRQ RI K\
SRWKDODPLF75+DVUHÀHFWHGE\WKHGHFUHDVHG75+UHFHSWRUIXQFWLRQP\
UHSUHVHQWDFRPSHQVDWRU\PHFKDQLVPWRPDLQWDLQQRUPDOVHUXP7DQG7























2EMHFWLYHV:H DLPHG LQ WKLV VWXG\ WR LQYHVWLJDWH ZKHWKHU WKHUH DUH DQ\
DOWHUDWLRQVLQ*$%$¶HUJLFDFWLYLWLHVLQPDMRUGHSUHVVLYHSDWLHQWVDQGLIDQ\
ZKHWKHU(&7KDVDQ\HIIHFWRQWKHVHFKDQJHVE\PHDVXULQJVHUXP*$%$
OHYHOV DQG WKH *+ UHVSRQVH WR EDFORIHQ EHIRUH DQG DIWHU WKH WKHUDSHXWLF
UHVSRQVHWRDFRXUVHRI(&7
0HWKRGV7ZHQW\¿YHGHSUHVVLYH LQSDWLHQWVZKR UHVSRQGHG WRDFRXUVHRI
(&7(&7DQGKHDOWK\VXEMHFWVZHUHLQFOXGHGLQWKHVWXG\+DP
LOWRQ5DWLQJ6FDOHIRU'HSUHVVLRQ+56'VFRUHVZHUHPHDVXUHGEHIRUHWKH












WKRVH RI WKH KHDOWK\ FRQWUROV ERWK EHIRUH DQG DIWHU WKH (&7 WUHDWPHQW
*$%$ OHYHOV VKRZHG D VLJQL¿FDQW VXUJH LPPHGLDWHO\ DIWHU WKH¿UVW(&7
7KHUHZDV DOVR D VLJQL¿FDQW LQFUHDVH LQ*$%$ OHYHOV IURPSUHWUHDWPHQW
WR WKHHQGRI WKH(&7FRXUVH%DVHOLQH*+OHYHOVZHUHGLIIHUHQWEHWZHHQ
WKH SDWLHQW DQG FRQWURO JURXSV QHLWKHU EHIRUH QRU DIWHU WKH WUHDWPHQW 1R
VLJQL¿FDQWDOWHUDWLRQZDVVHHQLQEDVDO*+OHYHOVWKURXJKRXWWKH(&7WUHDW
PHQW ,Q WKH*+ FKDOOHQJH WHVW WKHUHZDV QRW DQ\ GLIIHUHQFH LQ WHUPV RI
*+ UHVSRQVHV WR EDFORIHQEHWZHHQ WKH SDWLHQW DQG FRQWURO JURXSV EHIRUH
RUDIWHUWKH(&7WUHDWPHQW,PSURYHPHQWIURPGHSUHVVLRQGLGQRWKDYHDQ\


















2EMHFWLYHV 7KHUH DUH IHZ UHSRUWV DERXW GHKLGURHSLDQGURVWHURQHVXOIDWH








0HWKRGV'HSUHVVHG Q  DQG KHDOWK\ Q ZRPHQZHUH WHVWHGZLWK
QHXURSV\FKRORJLFDO WHVWV PHDVXULQJ FRJQLWLYH IXQFWLRQV %DVDO DQG SRVW
GH[DPHWDVRQH OHYHOV RI FRUWLVRO DQG RI '+($6 LQ VHUXP ZHUH DVVHVVHG













































'H[DPHWKDVRQH KDV SKDUPDFRG\QDPLF DQG SKDUPDFRNLQHWLF GLVWLQFW IURP
WKRVHRIWKHHQGRJHQRXVJOXFRFRUWLFRLGV
:HSURSRVHDVXSSUHVVLYHWHVWXVLQJSUHGQLVRORQHDV\QWKHWLFJOXFRFRUWLFRLG





JOHEOLQG QRQUDQGRPL]HG SODFHERFRQWUROOHG UHSHDWHGPHDVXUH GHVLJQ
ZHFRPSDUHGHIIHFWVRISODFHERSUHGQLVRORQH PJDQGGH[DPHWKDVRQH





























PHFKDQLVP RI *5 VHQVLWLYLW\ DQG UHOHYDQFH IRU DIIHFWLYH GLVRUGHUV$FWD
1HXURSV\FKLDWULFD

























6OHHSLQHVV 6FDOH EHIRUH WKH VWDUW RI WKH WUHDWPHQWZLWK0RGD¿QLO DIWHU 
PRQWKDIWHUPRQWKDQGDIWHUPRQWKVRIWKHWUHDWPHQW
5HVXOWV$VLWWXUQHGXSWKHUHZDVDVLJQL¿FDQWFOLQLFDOLPSURYHPHQWRIWKH
SDWLHQWVDQG WKHV\PSWRPVRI IDWLJXH ODFNRIHQHUJ\DQGGDLO\ VOHHSLQHVV
ZHUH UHWUHDWHG DV LW ZDV DVFHUWDLQHG IURP WKHPDUNV RQ WKH VFDOHV LQ WKH
¿UVWPRQWKDOUHDG\7KHDYHUDJHIRUWKHVFDOH)DWLJXH6HYHULW\6FDOHEHIRUH
WKHVWDUWRIWKHWUHDWPHQWZDVDQGDIWHUPRQWKVFRQWLQXRXVO\WUHDWLQJ





OLNH IDWLJXHGDLO\ VOHHSLQHVVDQG ODFNRI HQHUJ\KHOSV VLJQL¿FDQW LQ WKHLU





D VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRU HQKDQFHV WKH GHJUHH DQG RQVHW RI
WKHUDSHXWLFHIIHFWVLQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHUDQGIDWLJXH-
&OLQ3V\FKLDWU\0DU
'H%DWWLVWD&HWDO$GMXQFWPRGD¿QLO IRU WKHVKRUWWHUP WUHDWPHQW










2EMHFWLYHV 3DWLHQWV ZLWKPRRG GLVRUGHUV H[KLELW DOWHUHG IXQFWLRQ RI K\
SRWKDODPLF SLWXLWDU\ DGUHQDO +3$ D[LV *OXFRFRUWLFRLG UHFHSWRU *5
SOD\V DQ LPSRUWDQW UROH LQ WKH QHJDWLYH IHHGEDFN UHJXODWLRQ RI+3$ D[LV
7KHUHDUH WZRSURWHLQ LVRIRUPVRI*5*5ĮDQG*5ȕZKLFKKDVGLVWLQFW
ELRORJLFDO DFWLYLW\ ,W KDV QRW EHHQ H[DPLQHG ZKHWKHU WZR LVRIRUPV RI
*5P51$H[SUHVVLRQ DUH DOWHUHG LQ SHULSKHUDO EORRG FHOOV RI WKH SDWLHQWV
ZLWKPRRGGLVRUGHUV
0HWKRGV 8VLQJ TXDQWLWDWLYH 573&5 PHWKRG *5Į P51$ DQG *5ȕ
P51$ZHUHPHDVXUHGLQSHULSKHUDOEORRGFHOOVRIPDMRUGHSUHVVLYHGLVRU
GHUSDWLHQWVGHSUHVVLYHQ UHPLWWHGQ ELSRODUGLVRUGHUSDWLHQWV








DVZHOO DV LQ UHPLVVLRQ)LUVWGHJUHH UHODWLYHVRI WKHSDWLHQWVZLWKELSRODU
GLVRUGHUDOVRVKRZHG*5ĮP51$UHGXFWLRQ$OWHUHG*5ȕP51$H[SUHV
VLRQZDVQRWIRXQGLQPRRGGLVRUGHUVSDWLHQWV










3DULDQWH &0  *OXFRFRUWLFRLG UHFHSWRUV LQ PDMRU GHSUHVVLRQ 5HO
HYDQFHWRSDWKRSK\VLRORJ\DQGWUHDWPHQW%LRO3V\FKLDWU\
3HUOPDQ:5  5HGXFHG JOXFRFRUWLFRLG DQG HVWURJHQ UHFHSWRU DOSKD
PHVVHQJHU ULERQXFOHLF DFLG OHYHOV LQ WKH DP\JGDODRI SDWLHQWVZLWKPDMRU
PHQWDOLOOQHVV%LRO3V\FKLDWU\



















































RI FHOHFR[LE DV DGGRQ WKHUDS\ LQ SDWLHQWV ZLWKPDMRU GHSUHVVLRQ WUHDWHG












5HVXOWV'HSUHVVHGSDWLHQWV VKRZHG VLJQL¿FDQWO\ HOHYDWHG0,) S
DQGUHGXFHG7*)ȕS FRQFHQWUDWLRQVDWDOOVWXG\YLVLWV7KHUHZDV
QR GLIIHUHQFH LQ V&'FRQFHQWUDWLRQ FRPSDUHG ZLWK KHDOWK\ FRQWUROV
7KHUHZDVQRGLIIHUHQFHEHWZHHQ WKHSODFHERJURXSDQG WKHYHUXPJURXS
DQGQRFKDQJHRYHUWKHSHULRGRIWKHVWXG\







FRQWUROV ZKLFK JRHV DORQJ ZLWK D FRQWURYHUV\ FRQFHUQLQJ PRQRF\WLF
IXQFWLRQDOVWDWXVLQPDMRUGHSUHVVLRQ%XWWKHVLJQL¿FDQWO\HOHYDWHGOHYHOVRI
0,)DQGUHGXFHGOHYHOVRI7*)ȕRIGHSUHVVHGSDWLHQWVFRPSDUHGWRKHDOWK\
















2EMHFWLYHV ,PPXQRPRGXODWRU\ WKHUDS\ ZLWK ,)1Į RIWHQ OHDGV WR




0HWKRGV  PHODQRPD SDWLHQWV ZHUH SURVSHFWLYHO\ LQYHVWLJDWHG GXULQJ
DGMXYDQW WUHDWPHQW ZLWK ,)1ĮDE [ 0LR XQLWVZHHN 'HSUHVVLYH
PRRGFKDQJHVZHUHPHDVXUHGZLWK WKH VHOIUDWLQJGHSUHVVLRQ VFDOH 6'6
=XQJVFDOHEHIRUHDQGGXULQJ ,)1Į WUHDWPHQW6HUXPFRQFHQWUDWLRQVRI
V,/5 VJS V71)Į5 V71)Į5 V,/5 QHRSWHULQ DQG V,&$0
ZHUHPHDVXUHGEHIRUHDQGDIWHUWKUHHPRQWKVRIWUHDWPHQW
5HVXOWV 6'6 GHSUHVVLRQ VFRUHV S    DQG DOO LPPXQH SDUDPHWHUV





&RQFOXVLRQV 3DWLHQWV FKDUDFWHUL]HG E\ DQ DQWLLQÀDPPDWRU\ SUHWUHDW
PHQWFRQGLWLRQ ORZV,/5DQGKLJKV71)5 OHYHOVDQGKLJK OHYHOVRI
V,&$0 WKDWPLJKW LQGLFDWHDQDFWLYDWHGDQGDOWHUHGEORRGEUDLQEDUULHU





















0HWKRGV7KH LQFOXVLRQ FULWHULRQ IRU SDUWLFLSDWLRQ LQ WKH VWXG\ZDV SUHV
HQFH RI WKH GLDJQRVLV RI D SDUWLDOO\ UHPLWWHG 0DMRU 'HSUHVVLYH 'LVRUGHU
RU '\VWK\PLD GLDJQRVHG E\ VWDQGDUGL]HG LQWHUYLHZ FOLQLFDO H[DPLQDWLRQ








QRW WROHUDWH GRVLQJ RI DQ DQWLGHSUHVVDQW LQ XVXDOO\ UHFRPPHQGHG UDQJH
$OWKRXJK SDWLHQWV ZHUH WKHUHIRUH VXI¿FLHQWO\ WUHDWHG E\ DQWLGHSUHVVDQWV


















2EMHFWLYHV ,W KDVEHHQ LGHQWL¿HG UHODWLYHO\KLJKSUHYDOHQFHRIGHSHUVRQ
DOL]DWLRQ V\PSWRPDWRORJ\ LQ XQLSRODU GHSUHVVLRQ DV ZHOO DV LQ ELSRODU




WKH H[LVWHQFH RI D VSHFL¿F LQFUHDVH RI WKH GHSHUVRQDOL]DWLRQ GLPHQVLRQ LQ
SDWLHQWVVXIIHULQJIURPGHSUHVVLRQ
0HWKRGV ([SHULPHQWDO DQG FRQWURO JURXS QXPEHUHG  PHPEHUV HDFK
$ VWUXFWXUHG TXHVWLRQQDLUH IRU REWDLQLQJ VRFLRGHPRJUDSKLF DQG PHGLFDO














1XOOHU </  'HSHUVRQDOL]DWLRQ±±6\PSWRPV PHDQLQJ WKHUDS\
$FWD3V\FKLDWU6FDQGSS±
%DNHU'+XQWHU(/DZUHQFH(0HGIRUG13DWHO06HQLRU&6LHUUD
0 /DPEHUW09 3KLOOLSV0/ 'DYLG$6     'HSHUVRQDOLVDWLRQ
GLVRUGHUFOLQLFDOIHDWXUHVRIFDVHV%ULWLVKMRXUQDORISV\FKLDWU\

/DPEHUW 09 6HQLRU & )HZWUHOO :'3KLOOLSV 0/ 'DYLG$6 










2EMHFWLYHV 7KLV VWXG\ DLPHG WR H[DPLQH SHUIRUPDQFH LPSURYHPHQW RI
GHSUHVVLYHSDWLHQWVSDUWLFLSDWLQJLQFRPSXWHUEDVHGFRJQLWLYHWUDLQLQJZLWK
;&RJ D FRPSDUDEO\YLYLG DQG ³JDPHOLNH´ VRIWZDUH:KLOHGHSUHVVLYH
SDWLHQWV VHHP WRVXIIHU IURPQHXURSV\FKRORJLFDOGH¿FLWVDOVR VHHHJ WKH
UHYLHZRI9HLHOOHDUQLQJWRGHDOZLWKVXFFHVVRUIDLOXUHLQFRJQLWLYH
WUDLQLQJWDVNVPD\KDYHDWKHUDSHXWLFHIIHFWLWVHOI
0HWKRGV  SDWLHQWV VXIIHULQJ IURP XQLSRODU GHSUHVVLRQ ,&' )
) )ZHUH WUDLQHG IRXUZHHNV WKUHH WLPHV DZHHN GXUDWLRQ RQH
KRXUSHUVHVVLRQXVLQJWKHVRIWZDUH;&RJLQGLIIHUHQWZDUGVRIWKH3V\
FKLDWULF+RVSLWDOLQ%DPEHUJ$PDWFKHGVDPSOHRIGHSUHVVLYHSDWLHQWV













9HLHO +2)  $ 3UHOLPLQDU\ 3UR¿OH RI 1HXURSV\FKRORJLFDO 'H¿FLWV















WKH WDVNV WKH LPSDFWRI WHVW DQ[LHW\DQGSRVVLEOHH[SHULHQFHZLWK WKH WHVW
PDWHULDORQSHUIRUPDQFHVKRXOGEHZHDNHU
0HWKRGV  SDWLHQWV VXIIHULQJ IURP XQLSRODU GHSUHVVLRQ ,&' )





























UHODWHG WRG\VUHJXODWLRQRI WKHK\SRWKDODPLFSLWXLWDU\DGUHQDO +3$D[LV
RQHRIWKHVWUHVVUHVSRQVHV\VWHPV$UJLQLQHYDVRSUHVVLQ$93LQÀXHQFHV
VHYHUDO V\PSWRPV UHOHYDQW WR DIIHFWLYH GLVRUGHUV QRWDEOH PHPRU\ SURF



























0HWKRGV&RQVHFXWLYHELSRODU ,, GLVRUGHU %3,, DQGPDMRU GH
SUHVVLYHGLVRUGHU0''RXWSDWLHQWVQ SUHVHQWLQJRIISV\FKRDFWLYH
GUXJV IRU 0'( WUHDWPHQW ZHUH LQWHUYLHZHG E\ WKH 6WUXFWXUHG &OLQLFDO
,QWHUYLHZIRU'60,9DQG+\SRPDQLD,QWHUYLHZ*XLGH0L[HGGHSUHVVLRQ
ZDVGH¿QHGDV0'(SOXVK\SRPDQLFV\PSWRPVIROORZLQJDGH¿QLWLRQ
YDOLGDWHG E\ $NLVNDO DQG %HQD]]L 8QLYDULDWH DQG PXOWLYDULDWH ORJLVWLF
UHJUHVVLRQZHUHXVHGWRWHVWDVVRFLDWLRQV
5HVXOWV 0HDQ6'DJH RI WKH VDPSOH ZDV \HDUV IHPDOHV ZHUH
 PHDQ6'*$) VFRUH ZDV   KDG PL[HG GHSUHV
VLRQ %3,,  0''   %3,, KDG PL[HG GHSUHVVLRQ
 0'' KDG PL[HG GHSUHVVLRQ  KDG VXLFLGDO LGHDWLRQ %3
,, 0'' ,QWUD0'(K\SRPDQLFV\PSWRPVZHUHHOHYDWHG
PRRG LQÀDWHGVHOIHVWHHP OHVVQHHGIRUVOHHS LQFUHDVHG
JRDOGLUHFWHG DFWLYLW\  ULVN\ EHKDYLRUV  PRUH WDONDWLYH
QHVV  SV\FKRPRWRU DJLWDWLRQ  LUULWDELOLW\  UDFLQJ
FURZGHG WKRXJKWV  GLVWUDFWLELOLW\  0XOWLYDULDWH ORJLVWLF
UHJUHVVLRQ RI0'( V\PSWRPV YHUVXV VXLFLGDO LGHDWLRQ IRXQG WKDW ZRUWK
OHVVQHVV ZDV VLJQL¿FDQW LQGHSHQGHQW SUHGLFWRU 25  &, 
S 0XOWLYDULDWHORJLVWLFUHJUHVVLRQRILQWUD0'(K\SRPDQLFV\PS
WRPV YHUVXV VXLFLGDO LGHDWLRQ IRXQG WKDW SV\FKRPRWRU DJLWDWLRQ 25 
&, S UDFLQJFURZGHGWKRXJKWV25 &, 
S DQGPRUH WDONDWLYHQHVV25 &, S 
ZHUH VLJQL¿FDQW LQGHSHQGHQW SUHGLFWRUV 7KH VDPH DQDO\VHV LQ %3,, DQG
0''VDPSOHVKDGVLPLODUUHVXOWV






ZLWK VXLFLGDO LGHDWLRQ 6XSSRUWLQJ WKHVH REVHUYDWLRQV DUH WZR SURVSHFWLYH
VWXGLHVVKRZLQJWKDWPL[HGF\FOLQJHSLVRGHVZHUHDULVNIDFWRURIVXLFLGDO
EHKDYLRU>@$QWLGHSUHVVDQWVFDQLQGXFHPRUHVZLWFKLQJLQPL[HGYHU


















 )LUVW 0% 6SLW]HU 5/ *LEERQ 0 :LOOLDPV -%:  6WUXFWXUHG
FOLQLFDOLQWHUYLHZIRU'60,9D[LV,GLVRUGHUVFOLQLFLDQYHUVLRQ6&,'&9
$PHULFDQ3V\FKLDWULF3UHVV:DVKLQJWRQ'&
:LOOLDPV -%: 7HUPDQ 0 /LQN 0-$PLUD / 5RVHQWKDO 1( 
+\SRPDQLD LQWHUYLHZ JXLGH LQFOXGLQJ K\SHUWK\PLD &XUUHQW DVVHVVPHQW
YHUVLRQ+,*+&&OLQLFDO$VVHVVPHQW7RROV3DFNHW&HQWHUIRU(QYLURQ
PHQWDO7KHUDSHXWLFV1RUZRRG1-
 %HQD]]L ) :KLFK FRXOG EH D FOLQLFDOO\ XVHIXO GH¿QLWLRQ RI GH
SUHVVLYH PL[HG VWDWH" 3URJ 1HXURSV\FKRSKDUPDFRO %LRO 3V\FKLDWU\ 






WKHUDS\ LQ WKH WUHDWPHQWRIXQLSRODUGHSUHVVLRQ$FWD3V\FKLDWU6FDQG

 )DYD*$ :HOOEHLQJ WKHUDS\ FRQFHSWXDO DQG WHFKQLFDO LVVXHV
3V\FKRWKHU3V\FKRVRP
.RXNRSRXORV$.RXNRSRXORV$$JLWDWHGGHSUHVVLRQDVDPL[HG




0DVHU -'$NLVNDO+6 6FKHWWOHU 3 6FKHIWQHU:0XHOOHU7(QGLFRWW
- 6RORPRQ'&OD\WRQ3 &DQ WHPSHUDPHQW LGHQWLI\ DIIHFWLYHO\ LOO
SDWLHQWVZKR HQJDJH LQ OHWKDO RU QHDUOHWKDO VXLFLGDO EHKDYLRU"$ \HDU
SURVSHFWLYHVWXG\6XLFLGH/LIH7KUHDW%HKDY
$OOHQ0+&KHVVLFN&$*ROGEHUJ-)%LSRODUGLVRUGHUZLWKDQG














 %HQD]]L ) +HOPL 6 %ODQG / $JLWDWHG GHSUHVVLRQ XQLSRODU"
ELSRODU"RUERWK"
$QQ&OLQ3V\FKLDWU\
 %DOGHVVDULQL 5- 7RQGR / +HQQHQ -  /LWKLXP WUHDWPHQW DQG













0HWKRGV &RQVHFXWLYH  ELSRODU,, %3,, DQG  PDMRU GHSUHVVLYH
GLVRUGHU0''QRQWHUWLDU\FDUHRXWSDWLHQWVZHUHLQWHUYLHZHGE\DVHQLRU
SV\FKLDWULVWZLWKWKH6WUXFWXUHG&OLQLFDO,QWHUYLHZIRU'60,96&,'&9
WKH +\SRPDQLD ,QWHUYLHZ *XLGH DQG WKH )DPLO\ +LVWRU\ 6FUHHQ ZKHQ
SUHVHQWLQJIRUPDMRUGHSUHVVLYHHSLVRGH0'(WUHDWPHQWRIISV\FKRDFWLYH
GUXJV ,QWUD0'( K\SRPDQLF V\PSWRPV ZHUH V\VWHPDWLFDOO\ DVVHVVHG
0L[HG GHSUHVVLRQ ZDV GH¿QHG DV DQ 0'( ZLWK LQWUD0'( K\SRPDQLF



















0'(ZLWK UDFLQJ WKRXJKWV7KH ODVW WZRGH¿QLWLRQV IROORZHG.UDHSHOLQ¶V
WZRGHSUHVVLYHPL[HGVWDWHV0'(ZLWK!K\SRPDQLFV\PSWRPKDG WKH
KLJKHVWVHQVLWLYLW\EXWWKHORZHVWVSHFL¿FLW\IRUSUHGLFWLQJ%3)+,QVWHDG
0'( ZLWK !  K\SRPDQLF V\PSWRPV KDG WKH ORZHVW VHQVLWLYLW\ DQG WKH
KLJKHVW VSHFL¿FLW\ IRU SUHGLFWLQJ%3)+7KHPRVW EDODQFHG FRPELQDWLRQ
RI VHQVLWLYLW\  DQG VSHFL¿FLW\  IRU SUHGLFWLQJ %3)+ZDV
VKRZQE\ WKH0'(ZLWK! K\SRPDQLF V\PSWRPV7KLVGH¿QLWLRQ
DOVRVKRZHGWKHKLJKHVWDUHDXQGHUWKH52&FXUYHIRU%3)+PHDQ
LQJ KLJK SUHGLFWLYH SRZHU0XOWLSOH ORJLVWLF UHJUHVVLRQ RI%3)+ YHUVXV
WKHVWXGLHGGH¿QLWLRQVRIPL[HGGHSUHVVLRQIRXQGWKDWWKHRQO\VWURQJDQG
LQGHSHQGHQWSUHGLFWRURI%3)+RGGVUDWLR ZDVWKH0'(ZLWK!
K\SRPDQLF V\PSWRPV$VLJQL¿FDQWGRVHUHVSRQVH UHODWLRQVKLSZDV IRXQG
EHWZHHQQXPEHU RI LQWUD0'(K\SRPDQLF V\PSWRPV DQG%3)+ ORDGLQJ
LH WKH KLJKHUZDV WKH QXPEHU RI LQWUD0'( K\SRPDQLF V\PSWRPV WKH
KLJKHUZDVWKH%3)+ORDGLQJ
&RQFOXVLRQV 0L[HG GHSUHVVLRQ 0'( ZLWK   LQWUD0'( K\SRPDQLF
V\PSWRPVZDVFRPPRQLQ%3,,DQG0''$GLPHQVLRQDOGH¿QLWLRQEDVHG
RQ  RUPRUH K\SRPDQLF V\PSWRPV LQ GHSUHVVLRQZDV WKH RQHPRVW VXS
SRUWHGE\XVLQJ%3)+DVGLDJQRVWLFYDOLGDWRU7KHVWXG\RIPL[HGGHSUHV
VLRQPD\EHLPSRUWDQWIRULWVSRVVLEOHLPSDFWRQWUHDWPHQWDQWLGHSUHVVDQWV




5HFHQW VWXGLHV VKRZLQJ D UHODWLRQVKLS EHWZHHQ VRPH LQWUDGHSUHVVLRQ K\
SRPDQLF V\PSWRPV SV\FKRPRWRU DJLWDWLRQ UDFLQJ WKRXJKWV DQG VXLFLGDO








%HQD]]L )  'HSUHVVLRQ ZLWK UDFLQJ WKRXJKWV 3V\FKLDWU\ 5HV 

%HQD]]L )  6XLFLGDO LGHDWLRQ DQG ELSRODU,, GHSUHVVLYH V\PSWRPV
+XP3V\FKRSKDUPDFRO&OLQ([S


















LQWHUYLHZHGE\ WKH6WUXFWXUHG&OLQLFDO ,QWHUYLHZIRU'60,96&,' WKH
+\SRPDQLD ,QWHUYLHZ*XLGH DQG WKH )DPLO\+LVWRU\ 6FUHHQ E\ D VHQLRU
SV\FKLDWULVW LQ D SULYDWH SUDFWLFH ,QWUD0'( K\SRPDQLF V\PSWRPV ZHUH












DOVR WKHPRVWEDODQFHGFRPELQDWLRQRI VHQVLWLYLW\ DQG VSHFL¿FLW\
IRUSUHGLFWLQJELSRODUIDPLO\KLVWRU\,QRUGHUWRYDOLGDWHWKLVGH¿QL
WLRQ DV D FOLQLFDOPDUNHU RI%3,, DV ELSRODU YDOLGDWRUVZHUH XVHG%3,,






LQJ  RUPRUH LQWUD0'( K\SRPDQLF V\PSWRPVPD\ EH D XVHIXO FOLQLFDO
PDUNHUIRUSUHGLFWLQJWKHGLDJQRVLVRI%3,,3UHVHQFHRIPL[HGGHSUHVVLRQ
VKRXOGOHDGWRVNLOOIXOSURELQJIRUKLVWRU\RIK\SRPDQLDZKLFKZRXOGSURE
DEO\ UHGXFH WKH %3,, PLVGLDJQRVHG DV0'' )LQGLQJVPD\ DOVR LPSDFW
WUHDWPHQWRI%3,,DVLQWUD0'(K\SRPDQLFV\PSWRPVPD\EHFRPHPRUH


















%HQD]]L ) 'HSUHVVLYHPL[HG VWDWH GLPHQVLRQDO YHUVXV FDWHJRULFDO
GH¿QLWLRQV3URJ1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
%HQD]]L)'LDJQRVLVRIELSRODU ,,GLVRUGHUDFRPSDULVRQRIVWUXF


































LQHGQHXURSV\FKRORJLFDO WHVWV 5H\9HUEDO DQG7UDLO0DNLQJ7HVW 707
DQGVLQJOHSKRWRQHPLVVLRQFRPSXWHGWRPRJUDSK\63(&7ZLWKP7F/
/HWK\OF\VWHLQDWHGLPPHU(&'7KH\ZHUHDOOIHPDOHDQGULJKWKDQGHG
7KH6/(SDWLHQWVZHUH FODVVL¿HG LQWR WZRJURXSV ORZDQG DYHUDJH VFRUH
JURXSVDFFRUGLQJWRWKHLUVFRUHVRIWKHQHXURSV\FKRORJLFDOWHVWV
5HVXOWV7KHORZ5H\9HUEDOVFRUHJURXSVVKRZHGVLJQL¿FDQWO\GHFUHDVHG






FDXVHG E\ WKH G\VIXQFWLRQ LQ WKH SKRQRORJLFDO SURFHVVLQJ OHIW VXSHULRU
WHPSRUDO OREH DQGRU WKHZRUG UHWULHYDO OHIW LQIHULRU SDULHWDO OREH$QG
LW ZDV SRVVLEOH WKDW WKH GHFOLQHV RI SV\FKRPRWRU VSHHG HVSHFLDOO\ YLVXDO
VFDQQLQJZLWKDPRWRUFRPSRQHQWZHUHFDXVHGE\ WKHG\VIXQFWLRQ LQ WKH






























































/LHERZLW]05 DQG.OHLQ') &OLQLFDO 3V\FKLDWULF FRQIHUHQFHV DV
VHVVPHQWDQGWUHDWPHQWRISKRELFDQ[LHW\-RXUQDORI&OLQLFDO3V\FKRORJ\




















0HWKRGV  SDWLHQWV  ZLWK VKRFNV JURXS  DQG  ZLWKRXW VKRFNV
JURXSZHUHDVVHVVHG LQD UHWURVSHFWLYHVWXG\RQHPRQWKDW OHDVWDIWHU
LPSODQW RI DQ ,&' 7KH 0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF ,QWHUYLHZ
0,1,ZDVXVHGWRGLDJQRVHDQ[LHW\DQGGHSUHVVLYHGLVRUGHUV7KHSDWLHQWV















)LQDOO\ XVLQJ WKH +$' GHSUHVVLYH V\PSWRPV VFRUHV ZHUH VLJQL¿FDQWO\































































VXEMHFWV FRQVLVWHG RI  KHDOWK\ YROXQWHHUV PHQ DQG ZRPHQ((*V















&RQFOXVLRQV 7KHVH ¿QGLQJV SURYLGHG IXUWKHU HYLGHQFH WKDW 3' SDWLHQWV










































0HWKRGV  RXWSDWLHQWV ZLWK SDQLF GLVRUGHU ZLWK DJRUDSKRELD ZHUH
WUHDWHG E\ FRJQLWLYHEHKDYLRU WKHUDS\  SKDUPDFRWKHUDS\ KLJKSRWHQF\
EHQ]RGLD]HSLQHV665,HV6\PSWRPVHYHULW\ZDVHVWLPDWHGE\3DQLFDQG










+RZHYHU DW WKH HQG RI WKH WUHDWPHQW SDWLHQWV ZLWK PXOWLSOH FRPRUELGLW\









%DQGHORZ %  3DQLF DQG$JRUDSKRELD 6FDOH 3$6 6HDWWOH:$
+RJUHIH	+XEHU3XEOLVKHUV








2EMHFWLYHV 'RSDPLQH UHFHSWRU V\VWHP KDV EHHQ FRQVLGHUHG WR EH LPSOL







QXPEHU RI WDQGHP UHSHDWV9175ZHUH GHWHUPLQHG E\ XVLQJ SRO\PHUDVH
FKDLQ UHDFWLRQ )RU FRPSDULQJ WKH GLVWULEXWLRQ RI WKH '5' DQG '5'
SRO\PRUSKLVPEHWZHHQWZRJURXSV)LVKHU¶VH[DFWWHVWZDVXVHG
5HVXOWV 7KH DXWKRUV FRXOG ¿QG WKUHH JHQRW\SHV$$$$$$
RI '5' 7KHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV LQ '5'"    S 
 JHQRW\SLF GLVWULEXWLRQ EHWZHHQ VRFLDO SKRELD SDWLHQWV JURXS DQG
QRUPDO FRQWURO JURXS $PRQJ VRFLDO SKRELD SDWLHQWV JURXS  VKRZHG























QDLUH 7KLV TXHVWLRQQDLUH ZDV FRPSRVHG E\  SDUWV VRFLRGHPRJUDSKLFV
GDWDFOLQLFDOGDWDDQGWKHUDSHXWLFVGDWDLQFOXGLQJRXWFRPHHYDOXDWLRQDIWHU
PRQWKV




















2EMHFWLYHV 7KH JDVWULQ UHOHDVLQJ SHSWLGH UHFHSWRU *535 JHQH LV H[





0HWKRGV 7R VFUHHQ IRU PXWDWLRQV LQ WKH *535 JHQH WKH HQWLUH FRGLQJ
UHJLRQZDVVHTXHQFHGLQVXEMHFWVZLWKSDQLFGLVRUGHU:KLOHWZRSUHYL





GLVRUGHU7KHSRVVLELOLW\ UHPDLQV WKDW WKRVHJHQRPLF UHJLRQV OHIWXQH[DP
LQHG FRQWDLQ UHJXODWRU\ RU VSOLFH YDULDQWV ZKLFK H[HUW IXQFWLRQDO HIIHFWV










2EMHFWLYHV7KH SXUSRVH RI WKLV VWXG\ZDV WR FRPSDUH GLIIHUHQFHV RI WKH




%HFN¶V'HSUHVVLRQ ,QYHQWRU\ %', 6RFLDO$YRLGDQFH DQG'LVWUHVV 6FDOH
6$'6 6HOI(VWHHP6FDOH 6(6 DQG)DPLO\$GDSWDELOLW\ DQG&RKHVLRQ
(YDOXDWLRQ6FDOH,,,)$&(6,,,




&RQFOXVLRQV 7KH SUHVHQW VWXG\ IRXQG \RXQJ PDOH WUDQVVH[XDOV PD\ EH
SRWHQWLDOO\ YXOQHUDEOH WR GHYHORS SV\FKLDWULF DQG IDPLOLDO SUREOHPV LQ








2EMHFWLYHV ,W KDV EHHQ QRWLFHG WKDW GLVVRFLDWLYH V\PSWRPDWRORJ\ RFFXUV
PDLQO\ LQ KLJK DURXVDO VWDWHV %HVLGHV KLJK DURXVDO VWDWHV RIWHQ IROORZ
DQ[LHW\GLVRUGHUV'LVVRFLDWLRQV\PSWRPDWRORJ\RIWHQRFFXUVGXULQJSDQLF



















DQG GLVVRFLDWLYH W\SHV$ WD[RPHWULF DQDO\VLV RI GLVVRFLDWLYH H[SHULHQFHV
3V\FKRORJLFDO0HWKRGV±
:DWVRQ':X.'&XWVKDOO&6\PSWRPVXEW\SHVRIREVHVVLYH

























 :H DOVR VWXGLHG WLPH DQG GLDJQRVLV FRQWLQXXP7KH JHQHUDOL]HG
































2EMHFWLYHV 3URPLQHQW V\PSWRPV RI $'+' HVSHFLDOO\ DWWHQWLRQ GH¿FLW





0HWKRGV 7KH VDPSOH ZDV VWXGHQWV DW WKH 8QLYHUVLW\ RI 0DUPDUD
Q 6WDWH7UDLW $Q[LHW\ ,QYHQWRU\ DQG $GXOW $'+' VFDOH ZHUH
DSSOLHG6WDWLVWLFDO DQDO\VLV ZHUH GRQH DFFRUGLQJ WR GHVFULSWLYH YDULDEOHV
XVHG7KHUHSUHVDQWDWLRQDOTXDOLWLHVRIXQLYHUVDOGLVSHUVLRQZHUHH[DPLQHG
ZLWK NROPRJRURYVPLUQRY WHVW 5HODWLRQV DPRQJ WKH SHUVLVWHQW YDULDEOHV














RI WKLV µ¶VWDWH¶¶7KHUH LV QR VLJQL¿FDQW UHODWLRQVKLS EHWZHHQ K\SHUDFWLYLW\
DQGVWDWHDQ[LHW\7KHUHLVDSRVLWLYHUHODWLRQEHWZHHQWUDLWDQ[LHW\DQGLWHPV
RI GLPHQVLRQ UHJDUGLQJ SUREOHPV WRWDO VXP RI$GXOW$''$'+' 6FDOH
S7KDWPHDQVDQ[LHW\LQWKHVHLQGLYLGLXDOVLQFUHDVHLQGHSHQGHQWO\




WRPV UHJDUGLQJ DWWHQWLRQ GH¿FLW DQG SUREOHPV7KHUH ZDV QR VLJQL¿FDQW
UHODWLRQVKLSZLWKK\SHUDFWLYLW\DQGVWDWHDQ[LHW\:HIRXQGDGLUHFWUHODWLRQ




















$LP 7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH SXEOLF¶V EHOLHIV DERXW WKH
FDXVHVDQGSURJQRVLVRIGHPHQWLD
































WKHSUHVHQFHRI DKHDOWKSUREOHPDVZHOO DV LWV QDWXUH DQG WR LQGLFDWH WKH
WUHDWPHQWSURSRVDOVFRQVLGHUHGWREHKHOSIXORUKDUPIXO
5HVXOWV 0RVW RI WKH SDUWLFLSDQWV UHFRJQL]HG WKH SUHVHQFH RI D SUREOHP
 DQG QHDUO\ SURSHUO\ LGHQWL¿HG LW DVPHQWDO RU QHXURORJLFDO LQ
QDWXUH:KHQYDULRXVWUHDWPHQWSURSRVDOVZHUHUDWHGDVKHOSIXOIRUDSHUVRQ
GHVFULEHG LQ WKHYLJQHWWH WKH¿YH OHDGLQJDFWLRQVZHUHFRXQVHOLQJ
VSHFLDOGLHW³NHHSWKHPLQGEXV\´UHDGLQJUHOLJLRXV
SUDFWLFH 0DQ\ VWDQGDUG SV\FKLDWULF WUHDWPHQWVZHUH FRQVLGHUHG WR
EHKDUPIXO

















0HWKRGV:H HPSOR\HG I05, WR H[DPLQH WKH EUDLQ DFWLYDWLRQ E\ YLVXDO
HURWLFVWLPXOLLQHOGHUO\KHDOWK\KHWHURVH[XDOPDOHVPHDQDJHUDQJH
 WR(DFKVXEMHFWZDVH[SRVHG WR WKUHHVHTXHQFHVRIYLGHRPDWHULDO
FRQVLVWLQJRIH[SOLFLWO\HURWLF(UHOD[LQJ5DQGVSRUWV6VHJPHQWVLQ
DQXQSUHGLFWDEOHRUGHU7UDGLWLRQDOEORFNDQDO\VHVXVLQJFRQWUDVWVEHWZHHQ







YLVXDO HURWLF VWLPXOL LQ HOGHUO\ PDOHV 1RQDFWLYDWLRQ RI K\SRWKDODPXV


















%DFNJURXQG 1HXURQDO QLFRWLQLF DFHW\OFKROLQH UHFHSWRU 115 DJRQLVWV
DUH FDSDEOH RI DIIHFWLQJ YDULRXV DVSHFWV RI FRJQLWLRQ LQFOXGLQJ DWWHQWLRQ
PHPRU\DQGOHDUQLQJLQQRUPDODQGFRJQLWLYHO\LPSDLUHGVXEMHFWV1LFRWLQH
GHOLYHUHG WUDQVGHUPDOO\ WR HOGHUO\ VXEMHFWV ZLWK DJH DVVRFLDWHG PHPRU\
LPSDLUPHQW$$0,LPSURYHGDWWHQWLRQPHDVXUHGREMHFWLYHO\DQGPHPRU\
PHDVXUHGVXEMHFWLYHO\EXWKDGVLGHHIIHFWVLQFOXGLQJQDXVHDOLJKWKHDGHG
QHVV DQG SDOSLWDWLRQV  ,VSURQLFOLQH LV D VHOHFWLYH SDUWLDO DJRQLVW DW WKH





¿UVW 1  LQYROYHG VLQJOH GRVHV VHSDUDWHG E\  GD\V ZDVKRXW DQG WKH
VHFRQG1 LQYROYHGZHHNVGRVLQJVHSDUDWHGE\DZHHNZDVK
RXW$VLQJOHGRVHRIPJZDVXVHGLQWKH¿UVWVWXG\DQGGRVHVRIPJ

















LQWHUDFWLRQ ZDV VHHQ 2QH SRVVLEOH LQWHUSUHWDWLRQ ZDV D FRQWLQXLQJ SRVL
WLYHHIIHFWRQFRJQLWLRQXSWRZHHNVIROORZLQJGLVFRQWLQXDWLRQRIDFWLYH
















2EMHFWLYHV 5HFHQWO\ WKH YDJXV QXFOHL LQ WKH EUDLQVWHP KDYH FRPH LQWR
WKH IRFXV RI LQWHUHVW LQ SV\FKLDWULF DQG QHXURORJLFDO UHVHDUFK PDLQO\ IRU
WZRUHDVRQV)LUVWO\WKHLUIXQFWLRQLVDOWHUHGHDUO\LQWKHFRXUVHRIERWKLQ
$O]KHLPHU¶V 3DUYL]L HW DO  DQG3DUNLQVRQ¶VGLVHDVH 'HO7UHGLFL HW
DO%UDDNHWDO6HFRQGO\WKHHOHFWULFDOVWLPXODWLRQRIWKHOHIW
YDJXVQHUYHLQWKHQHFNE\PHDQVRIDQLPSODQWHGVWLPXODWRUKDVSURYHQWR
KDYH DGGLWLRQDO WKHUDSHXWLF HIIHFWV LQ ERWK HSLOHSV\ DQG GHSUHVVLRQ EHLQJ
UHVLVWDQWWRVWDQGDUGSKDUPDFRORJLFDOWUHDWPHQW
0HWKRGV%DVHGRQWKHVH¿QGLQJVDPHWKRGIRUWKHQRQLRQYDVLYHPHDVXUH
PHQWRI IDU¿HOGSRWHQWLDOV IURP WKHYDJXVQXFOHL HYRNHGE\PHDQVRIDQ
HOHFWULFDOVWLPXODWLRQYLDDSHULSKHUDOEUDQFKRIWKHQHUYHLQWKHRXWHUHDULV
DSRWHQWLDOO\LQWHUHVWLQJGLDJQRVWLFSURFHGXUH
5HVXOWV 9DJXV 6HQVRU\ (YRNHG 3RWHQWLDOV 96(3 FDQ EH HOLFLWHG LQ D
UHOLDEOHPDQQHU LQ \RXQJHU DQG HOGHUO\KHDOWK\ VXEMHFWV)LUVW VLQJOH FDVH
VWXGLHVSRLQWWRGLPLQLVKHG96(3DPSOLWXGHVLQSDWLHQWVZLWK$O]KHLPHU¶V



















$'5'$ FULWHULD DQG DQ 006( VFRUH EHWZHHQ  RU  DQG  DW HQWU\
6WDQGDUGVDIHW\HYDOXDWLRQVZHUHSHUIRUPHGDQGHI¿FDF\ZDVDVVHVVHGXVLQJ
WKH IROORZLQJ LQVWUXPHQWV6HYHUH ,PSDLUPHQW%DWWHU\ 6,%$FWLYLWLHVRI






5HVXOWV 7KHUH ZHUH  SDWLHQWV UDQGRPLVHG WR PHPDQWLQH DQG  WR
SODFHER$OO HI¿FDF\ PHDVXUHV ZHUH VWDWLVWLFDOO\ VLJQL¿FDQW LQ IDYRXU RI
PHPDQWLQHDWHQGSRLQW&,%,&S6,%S$'&6$'/S
DQG13,S/2&)
7KHSHUFHQWDJHVRI UHVSRQGHUVZHUHFRQVLVWHQWO\KLJKHU LQ WKHPHPDQWLQH
JURXS WKDQ LQ WKHSODFHERJURXSSIRU WKH6,%$'&6$'/DQG




PDWHO\RI WKHSDWLHQWV RQPHPDQWLQH DQGRQSODFHERZLWKGUHZ
GXHWRDGYHUVHHYHQWV7KHUHZHUHQRFOLQLFDOO\UHOHYDQWFKDQJHVZLWKLQRU
GLIIHUHQFHVEHWZHHQWUHDWPHQWJURXSVLQODERUDWRU\YDOXHVRUYLWDOVLJQV



















EHWDDP\ORLG WRWDO WDX DQG WDX SKRVKRU\ODWHG DW WKUHRQLQH  LQ D




5HVXOWV$ KLJK FRUUHODWLRQ EHWZHHQ WKH UHVXOWV RI WKH WZRPHWKRGV ZDV
REVHUYHG































WRORJ\ 1R06W\SLFDO V\PSWRPV KDYH RFFXUUHG EHIRUH H[FHSW WUDQVLWRU\
YLVLRQ GLVRUGHU LQ RQH SDWLHQW  \HDUV DJR -XVW LQ RQH FDVH SURJUHVVLYH
JDLW GLVWXUEDQFHV EHJLQQLQJ DIWHU FRJQLWLYH GHFOLQH FRQWULEXWHG WR UHVWULF
WLRQ LQ WKH DFWLYLWLHV RI GDLO\ OLYLQJ$OO SDWLHQWV KDG SRVLWLYH ROLJRFORQDO
EDQGV LQ WKH FHUHEURVSLQDO ÀXLG &6) 2WKHUZLVH H[WHQVLYH EORRG WHVWV
DQG&6) DQDO\VLV LQFOXGLQJPDUNHUV IRU YDVFXOLWLVPHWDEROLF QHRSODVWLF
SDUDQHRSODVWLFQHXURGHJHQHUDWLYHRURWKHULPPXQRORJLFDOGLVRUGHUVDVZHOO




















PDWLRQ IRUPDWLRQRI LQWUDFHOOXODUQHXUR¿EULOODU WDQJOHVRIK\SHUSKRVSKRU
\ODWHGWDXSURWHLQDQGGHSRVLWLRQRIȕDP\ORLG$ȕSHSWLGHVLQWRSODTXHV
3KHQRW\SLFFKDUDFWHUL]DWLRQRISHULSKHUDOEORRGPRQRQXFOHDUFHOOV3%0&
IURP $' SDWLHQWV VKRZHG DQ XSUHJXODWLRQ RI WKH DP\ORLG SUHFXUVRU
SURWHLQ $33 RQ EORRG PRQRF\WHV DQG VKLIWV LQ 3%0& VXESRSXODWLRQV













MXJDWHGPRQRFORQDO DQWLERGLHV P$E GLUHFWHG DJDLQVW &' &' DQG
&'%'%LRVFLHQFHV3KDUPLQJHQ*HUPDQ\$OVDPSOHFRQWDLQLQJ
[FHOOV LQEXIIHU 3%6ERYLQHVHUXPDOEXPLQP0('7$ZDV
LQFXEDWHGZLWK WKH UHVSHFWLYHP$E DW WKH FRQFHQWUDWLRQ UHFRPPHQGHGE\













&RQFOXVLRQV 7KXV LW VHHPV XQOLNHO\ WKDW XSUHJXODWLRQ RI HFWRSHSWLGDVHV
SOD\VDPDMRUIXQFWLRQDOUROHLQWKHFOHDUDQFHRI$ȕSHSWLGHVIURPSHULSKHUDO
EORRG LQ WKH VWDJH RI PLOG$' 7KH DOWHUDWLRQV LQ &' DQG &' FHOO



















 DOWHUDWLRQ QRQ VXJJHVWLYH RI GH¿FLW DQG  SUHVHUYHG FRJQLWLYH
IXQFWLRQV$O]KHLPHUGLVHDVHGHPHQWLDGHOLULXPVOHHS
GLVRUGHUV 3DUNLQVRQGLVHDVH PHQWDOGLVRUGHUV  OLNHDJ
JUHVVLRQ  KDOOXFLQDWLRQ  DQG UHWUDFWLQJ DSDWK\  7KHUH














2EMHFWLYHV 7KH SLQHDO VHFUHWRU\ SURGXFW PHODWRQLQ SURYLGHV D FLUFDGLDQ
DQG VHDVRQDO VLJQDO LQYHUWHEUDWHV7KHSK\VLRORJLFDO HIIHFWVRIPHODWRQLQ
LQFOXGH UHWLQDO DQWLR[LGDWLYH QHXURSURWHFWLYH YDVRDFWLYH LPPXQRORJLFDO
DQGRQFRVWDWLFSURSHUWLHV
,Q PDPPDOV PHODWRQLQ DFWV WKURXJK WZR VSHFL¿F KLJKDI¿QLW\ UHFHSWRUV
07 DQG0707 GLVWULEXWLRQ KDV EHHQZHOO VWXGLHG LQ GLIIHUHQWPDP
PDOLDQEUDLQVLQFOXGLQJKXPDQV7KXVDOWHUDWLRQVLQ07H[SUHVVLRQKDYH
EHHQGHVFULEHGLQ$O]KHLPHU¶VGLVHDVH$'EUDLQ6LQFHVSHFL¿FDQWLERGLHV
DJDLQVW 07 ZHUH PLVVLQJ 07 GLVWULEXWLRQ LQ KXPDQ EUDLQ LV QRW ZHOO
NQRZQ7KHDLPRI WKHSUHVHQW VWXG\ZDV WR DVFHUWDLQ WKH VSHFL¿W\RI WKH
UHFHQWO\GHYHORSHG07DQWLERG\DQGWRLGHQWLI\WKHGLVWULEXWLRQRI07LQ
WKHKLSSRFDPSXVRIFRQWUROVDQG$'SDWLHQWV
0HWKRGV7KH VSHFL¿W\ RI WKH07 DQWLERG\ZDV DVFHUWDLQHG E\ ÀXRUHV
FHQFHPLFURVFRS\XVLQJWKHDQWL07DQWLERG\LQ+(.FHOOVH[SUHVVLQJ
UHFRPELQDQW07 LQ LPPXQREORW H[SHULPHQWV RQPHPEUDQHV IURP07
H[SUHVVLQJ FHOOV DQG ¿QDOO\ E\ LPPXQRSUHFLSLWDWLRQ H[SHULPHQWV RI WKH
QDWLYH07,QDGGLWLRQ07LPPXQRUHDFWLYLW\ZDVVWXGLHGLQWKHKLSSRF
DPSXVRIHOGHUO\FRQWUROVDQG$'FDVHV
5HVXOWV ,QFRQWUROV07ZDV ORFDOL]HG LQS\UDPLGDOQHXURQVRI WKHKLS
SRFDPSDO VXE¿HOGV &$ DQG LQ VRPH JUDQXODU QHXURQV RI WKH VWUDWXP





















WLYHRI RXU H[DPLQDWLRQZDV WR GHWHFW VSHFL¿F DQGXQVSHFL¿FSRO\VRPQR
JUDSKLFFKDQJHVLQGLIIHUHQWGHPHQWLDW\SHV
0HWKRGV 7R GDWH  SDWLHQWV ZLWK ORZ WR PRGHUDWH JUDGH RI GHPHQWLD
FRXOGEHH[DPLQHG$OOSDWLHQWVUHFHLYHGDWKRURXJKH[DPLQDWLRQLQFOXGLQJ
URXWLQHQHXURORJLFDQGSV\FKLDWULFH[DPLQDWLRQEORRGFKHPLVWU\&705,
QHXURSV\FKRORJLF HYDOXDWLRQ((*DQGZKHQQHFHVVDU\ OXPEDU SXQFWXUH
DQG'RSSOHUGXSOH[$FFRUGLQJWRLQWHUQDWLRQDOVWDQDUGFULWHULDSDWLHQWV
ZHUHFODVVL¿HGDV$O]KHLPHUGLVHDVH'$7DVIURQWRWHPSRUDOGHPHQWLD
)7' DQG  GHPHQWLD ZLWK /HZ\ ERGLHV '/% 3DWLHQWV ZLWK YDVFXODU






ZKLFK LQPRVW FDVHVZDV QRW SHUFHLYHG E\ WKH SDWLHQWV0RUHRYHU LQ SD






















2EMHFWLYHV$FFXUDWH LQWHUSUHWDWLRQ RI IDFLDO H[SUHVVLRQV LV DQ LPSRUWDQW
DVSHFW RI VRFLDO LQWHUDFWLRQ WKDW PD\ EH LPSDLUHG LQ$O]KHLPHU¶V GLVHDVH
'$72QO\D IHZVWXGLHVKDYH LQYHVWLJDWHGHPRWLRQSURFHVVLQJ LQ WKRVH
VXIIHULQJIURP'$7\HWWKLVPD\KDYHDQLPSRUWDQWHIIHFWRQWKHTXDOLW\RI
OLIHRIERWKVXIIHUHUVDQGWKHLUIDPLOLHV




HOGHUO\ YROXQWHHUV ZHUH HYDOXDWHG IRU JHQHUDO FRJQLWLRQ DQG XQGHUZHQW
FRPSXWHUL]HGWHVWLQJRIHPRWLRQUHFRJQLWLRQZLWKWKH3(11(PRWLRQ5HF
RJQLWLRQ7HVW3(577KH3(57FRQWDLQVFRORXUSKRWRJUDSKVRIKDSS\
VDG DQJU\ DQG IHDUIXO H[SUHVVLRQV DQG QRQHPRWLRQDO RU QHXWUDO IDFHV
3DUWLFLSDQWVZHUH DVNHG WR UDWH WKH HPRWLRQDO YDOHQFH RI HDFK H[SUHVVLRQ
ZLWKRXWWLPHOLPLWIRUUHVSRQVHV
5HVXOWV8QWLOQRZSDWLHQWVZLWKPLOGGHPHQWLDRI WKH$O]KHLPHU W\SH




&RQFOXVLRQV 7KH DELOLW\ WR GLVFULPLQDWH IDFLDO HPRWLRQDO H[SUHVVLRQV LV




















YDVFXODU GHPHQWLD 9'SDWLHQWV DQGKHDOWK\ FRQWUROV$OO WKHSDWLHQWV
ZHUHGLDJQRVHGE\XVLQJWKHFULWHULDRIWKH'60,97KHLUV\PSWRPVZHUH
DVVHVVHGZLWKWKHPLQLPHQWDOVWDWHH[DPLQDWLRQ006(WKH+DFKLQVNL¶V
,VFKHPLF 6FRUH DQG )XQFWLRQDO$VVHVVPHQW 6WDJLQJ )$67$' SDWLHQWV







5HVXOWV  6HUXP OHYHOV RI %'1) LQ$' SDWLHQWV QJPOZHUH
VLJQL¿FDQWO\ ORZHU WKDQ WKRVH LQ 9' SDWLHQWV QJPO DQG LQ
FRQWUROVQJPOS71)Į ,/ȕ OHYHOV KDG QR VLJQL¿FDQW
GLIIHUHQFHDPRQJWKUHHJURXSV
,Q GHPHQWLD JURXSV$'9' 006( VFRUH ZDV SRVLWLYHO\ FRUUHODWHG
WR%'1)OHYHOVU S DQGQHJDWLYHO\FRUUHODWHG WR ,/ȕ U 
S 0RUHRYHUDVLJQL¿FDQWSRVLWLYHFRUUHODWLRQU S 
EHWZHHQ+DFKLQVNL¶VLVFKHPLFVFRUHDQG%'1)OHYHOVZDVGHWHFWHG
1HLWKHU71)ĮQRU,/ȕOHYHOVZHUHFRUUHODWHGWR%'1)OHYHOV



























XQGHUZHQW H[WHQVLYH PHGLFDO DQG QHXURVS\FKRORJLFDO &(5$' DVVHVV
PHQWDQGZHUHLQYHVWLJDWHGE\)'*3(7&RUUHODWLRQVEHWZHHQFRJQLWLYH
IXQFWLRQ DFFRUGLQJ WR WKH&(5$'DQG FHUHEUDO JOXFRVHPHWDEROLVPZHUH
JHQHUDWHG
5HVXOWV)LUVWO\LPPHGLDWHUHFDOOZDVVLJQL¿FDQWO\FRUUHODWHGZLWKWHPSRUR
SDULHWDO JOXFRVH PHWDEROLVP ZKHUHDV GHOD\HG UHFDOO DOVR VKRZHG IURQWDO
DFWLYDWLRQS6HFRQGO\VHPDQWLFÀXHQF\ZDVVLJQL¿FDQWO\DVVRFLDWHG
ZLWK OHIW VLGH WHPSRURSDULHWDO DQG ELODWHUDO IURQWDO JOXFRVH PHWDEROLVP
S 7KLUGO\ FRQVWUXFWLRQDO SUD[LV VKRZHG D VLJQL¿FDQW FRUUHODWLRQ
ZLWKELODWHUDOSDULHWDODQGIURQWDOJOXFRVHPHWDEROLVPS
&RQFOXVLRQV 7KLV LV WKH ¿UVW VWXG\ LQYHVWLJDWLQJ DQ DVVRFLDWLRQ EHWZHHQ























 DUH G\VSKRULF DQG  DUH DV\PSWRPDWLF 7KHUH LV D UHODWLRQ
EHWZHHQ FRJQLWLYH LPSDLUPHQW DQG SHUVLVWHQFH RI GHSUHVVLRQ 'HSUHVVHG
VXEMHFWV DW9ZKLFK UHPDLQ GHSUHVVHG DW9 NHHS D VWDEOH006 VFRUH
0RUHRYHU VXEMHFWV ZLWKRXW GHSUHVVLRQ DW 9 DQG 9 VKRZ D VLJQL¿FDQW
LPSDLUPHQWRIWKHLU006VFRUHS
&RQFOXVLRQDV'HSUHVVLRQ LQ$O]KHLPHU¶VGLVHDVH LVSHUVLVWHQW0RUH WKDQ
DKDOIRI WKHGHSUHVVHGVXEMHFWVDW9DUHGHSUHVVHGRUSUHVHQWGHSUHVVLYH
V\PSWRPVDW RQH\HDU7KH FRJQLWLYH LPSDLUPHQW LQGHSUHVVHG VXEMHFWV LV








2EMHFWLYHV $Q LQÀDPPDWRU\ VWDWH LV GLVFXVVHG DV D SRWHQWLDO FDXVH IRU
UHGXFHG FRJQLWLYH IXQFWLRQ LQ VWUHVV DQG GHSUHVVLRQ 7KLV VWXG\ DLPHG DW
WKHUHODWLRQVKLSEHWZHHQORZV\VWHPLFLQÀDPPDWLRQDQGFRPSOH[FRJQLWLYH
IXQFWLRQLQWKHHOGHUO\LQDFRPPXQLW\EDVHGVDPSOH:HH[DPLQHGWKHOLQN



















0XOWLYDULDEOH OLQHDU UHJUHVVLRQ PRGHOV LQFOXGLQJ VHYHUDO ¿[HG FRQIRXQG
HUV DJH JHQGHU GHSUHVVLRQ VPRNLQJ PLQL PHQWDO VWDWH FDUGLRYDVFXODU
GLVHDVHV DQG RWKHU VRPDWLF GLVHDVHV VKRZHG VWDWLVWLFDOO\ VLJQL¿FDQW UHOD




&RQFOXVLRQV 7KHVH UHVXOWV LQGLFDWH D UROH IRU WKH F\WRNLQHV ,/ȕ ,/






SHUVRQV UHVXOWV IURP WKH KHDOWK DJLQJ DQG ERG\ FRPSRVLWLRQ VWXG\%LRO
3V\FKLDWU\
6WHUQEHUJ (0&KURXVRV*3:LOGHU 5/*ROG 3: 7KH VWUHVV UH










GHIHQVH KDV QHJDWLYH HIIHFWV RQ HPRWLRQDO DQG PHPRU\ IXQFWLRQV ZKLFK
DUHSUREDEO\FDXVHGE\F\WRNLQHV3UHYLRXVVWXGLHVLQWKHHOGHUO\VKRZQR
FOLQLFDOO\ VLJQL¿FDQW DVVRFLDWLRQV EHWZHHQ DJHUHODWHG SHULSKHUDO F\WRNLQH
G\VUHJXODWLRQDQGFRJQLWLRQ+RZHYHULWLVVWLOOXQFOHDUZKHWKHULQFUHDVHG
VHUXPF\WRNLQHOHYHOVDUHDVVRFLDWHGZLWKYDULRXVGLPHQVLRQVRIFRJQLWLYH
SHUIRUPDQFH LQKHDOWK\HOGHUO\ VXEMHFWV ,Q WKLV VWXG\ZH LQYHVWLJDWHG WKH
OLQNEHWZHHQ,/ȕV,/5,/,/,/71)ĮDQGSHUIRUPDQFHRI
PHPRU\ FRJQLWLYH VSHHG DQGPRWRU IXQFWLRQ LQ KHDOWK\ HOGHUO\ IURP WKH
JHQHUDOSRSXODWLRQ
0HWKRGV'DWDDUHIURPZHOOIXQFWLRQLQJROGHUSHUVRQV\HDUVRI
DJHSDUWLFLSDWLQJ LQ WKHFURVVVHFWLRQDO0(02VWXG\ 0HPRU\DQG0RU
ELGLW\LQ$XJVEXUJ(OGHUO\*HUPDQ\&RJQLWLYHSHUIRUPDQFHZDVDVVHVVHG





ZHUH DGMXVWHG IRU VHYHUDO FRQIRXQGHUV RI FRJQLWLYH IXQFWLRQ DJH JHQGHU








$V D QH[W VWHS RI DQDO\VLV PXOWLYDULDEOH OLQHDU UHJUHVVLRQ DQDO\VHV ZHUH
SHUIRUPHGIRUWKHLPSDFWRIF\WRNLQHVDQGV,/5RQFRJQLWLYHSHUIRUPDQFH










&RQFOXVLRQV7KHUHVXOWVVXJJHVWD UROHIRU WKHF\WRNLQHV,/ȕ ,/DQG
,/ LQ WKH SDWKRSK\VLRORJ\ RI SV\FKRPRWRU GH¿FLWV LQ UHODWLYHO\ KHDOWK\
HOGHUO\ VXEMHFWV 7KH XQGHUO\LQJ V\VWHPLF ORZ LQÀDPPDWLRQ PD\ LPSDFW
RQ WKHG\VUHJXODWLRQDQGGHJHQHUDWLRQRI WKH&16 OHDGLQJ WRDGHFOLQH LQ















GLDJQRVWLF WHVWLQJ DUH FXUUHQWO\ XQGHU LQWHQVLYH LQYHVWLJDWLRQ$ UHFHQWO\













FRQVWDQWO\ LQ WKH &6) RI DOO  LQYHVWLJDWHG SDWLHQWV 7KH SURQRXQFHG
SHUFHQWDJH LQFUHDVH RI WKLV SHSWLGH LQ '/% DOORZHG D KLJKO\ VLJQL¿FDQW























L]HG FOLQLFDO LQWHUYLHZ 6&$1ZDV FRQGXFWHG LQ  UDQGRPO\ VHOHFWHG











IXUWKHU VWXGLHV VKRXOG EH GRQH WR XQGHUVWDQG WKH LQÀXHQFH RI JHQGHU DQG
VFKRROLQJLQ*+4SHUIRUPDQFH
5HIHUHQFHV










WKH *HULDWULF 'HSUHVVLRQ 6FDOH DQG WKH *HQHUDO +HDOWK 4XHVWLRQQDLUH LQ
















GRXEOH VDPSOLQJ 5HOLDELOLW\ YDOLGLW\ DQG IDFWRU DQDO\VLV RI WKH *'6
ZHUHHYDOXDWHG
5HVXOWV 7KH %UD]LOLDQ YHUVLRQ *'6 KDV D JRRG LQWHUQDO FRQVLVWHQFH
Į&URQEDFK   7KH RSWLPDO WKUHVKROG IRU VFUHHQLQJ DV DVVHVVHG E\
52&DQDO\VLVZDVZLWKVHQVLWLYLW\RIDQGDVSHFL¿FLW\RI
)DFWRUDQDO\VLVZLWKSULQFLSDOFRPSRQHQWDQGYDULPD[URWDWLRQJDYHULVHWR
















WKH *HULDWULF 'HSUHVVLRQ 6FDOH DQG WKH *HQHUDO +HDOWK 4XHVWLRQQDLUH LQ













2EMHFWLYHV 5HOLDEOH QHXURFKHPLFDO GHPHQWLD GLDJQRVLV 1'' FDQ
LPSURYH WKH GLIIHUHQWLDO GLDJQRVLV RI HDUO\ GHPHQWLDV HJ $O]KHLPHUV
GHPHQWLD $'$ VHOHFWLYH GHFUHDVH RI DP\ORLG ȕ SHSWLGH HQGLQJ DW WKH
DPLQRDFLGSRVLWLRQRI$ȕDWYLUWXDOO\XQFKDQJHGWRWDO$ȕSHSWLGH
FHUHEURVSLQDO ÀXLG &6) FRQFHQWUDWLRQ LV FRQVLGHUHG RQH RI WKH FUXFLDO
SDUDPHWHUVLQ1''RI$'+RZHYHUZHREVHUYHGWKDWRIWKHSRSX
ODWLRQFKDUDFWHUL]HZLWKHLWKHUKLJKRUORZFRQVHFXWLYHRYHUDOO$ȕSHSWLGHV






LPPXQREORW &6) ELRPDUNHUV $ȕ SHSWLGHV  WRWDO7DX









&RQFOXVLRQV &6)$ȕ SHSWLGH FRQFHQWUDWLRQ UDWLRV FKDUDFWHUL]H ZLWK D









2EMHFWLYHV $V VFKL]RSKUHQLD LV D FKURQLF GLVRUGHU LW LV LPSRUWDQW WKDW
PDLQWHQDQFH WUHDWPHQW ZLWK DQWLSV\FKRWLF PHGLFDWLRQV EH JLYHQ RYHU D




KLJK DI¿QLW\ IRU VHURWRQLQ W\SH ,, UHFHSWRUV PDUNHGO\ ORZHU DI¿QLW\ IRU
GRSDPLQH'UHFHSWRUVDQGIDVWGLVVRFLDWLRQIURP'UHFHSWRUVZKLFKPD\
EH UHVSRQVLEOH IRUPLQLPL]LQJPRWRU V\VWHPGLVWXUEDQFHV7KHVHSKDUPD
FRORJLFDOSURSHUWLHVRITXHWLDSLQHPD\PDNHWKLVGUXJVXLWDEOHIRUWKHORQJ




0HWKRGV 7KH SUHVHQW VWXG\ ZDV SHUIRUPHG DV D PXOWLFHQWHU RSHQODEHO




































2EMHFWLYHV 7KHUH LV D JURZLQJ HYLGHQFH WKDW JOXWDPDWHUJLF SDWKZD\V
DUH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD ,W UHPDLQV XQFOHDU
ZKHWKHUJOXWDPDWHLQGXFHGH[LFLWR[LFLW\FRXOGOHDGWRQHXURGHJHQHUDWLRQLQ
DFXWHVFKL]RSKUHQLFVWDWHV7KHORZDI¿QLW\10'$DQWDJRQLVWPHPDQWLQH
KDVQHXURSURWHFWLYHSURSHUWLHV DQG LV D VDYH DQG HI¿FDFLRXV WUHDWPHQW IRU















WKH KLSSRFDPSDO JOXWDPDWH FRQFHQWUDWLRQ LQ YLYR XVLQJ +05VSHFWURV
FRS\DIWHUPRQWKV
5HVXOWV 6LQFH$SULO  RYHUDOO  SDWLHQWV KDYH EHHQ UHFUXLWHG 6LQFH
QRZSDWLHQWVKDYHFRPSOHWHGWKHWULDO1RVHYHUHDGYHUVHHYHQWVRUSV\
FKRWLFH[DFHUEDWLRQVFRXOGKDYHEHHQREVHUYHG
&RQFOXVLRQV7KH XVH RI KLJKDI¿QLW\10'$DQWDJRQLVWV DUH FRQWUDLQGL
FDWHGLQSDWLHQWVZLWKVFKL]RSKUHQLDEHFDXVHRIWKHLQGXFWLRQRISRVLWLYHDQG
QHJDWLYH V\PSWRPV0HPDQWLQH DV D ORZDI¿QLW\ 10'$DQWDJRQLVW PD\
EH LQWHUHVWLQJ WUHDWPHQW RSWLRQ IRU SDWLHQWV ZLWK VFKL]RSKUHQLD GXH WR LWV
QHXURSURWHFWLYHSURSHUWLHVDVZHOOLWVORZSV\FKRWRPLPHWLFSRWHQWLDO)URP
D WKHRUHWLFDOYLHZSRLQWPHPDQWLQHFRXOGZRUVHQSV\FKRWLFV\PSWRPVGXH













2EMHFWLYHV 7KH VLJQL¿FDQFH RI 0LOG &RJQLWLYH ,PSDLUPHQW 0&, DV D
SURGURPDO VWDWH RI GHPHQWLD SDUWLFXODUO\$O]KHLPHU¶V GLVHDVH $' KDV
EHHQ H[WHQVLYHO\ VWXGLHG +RZHYHU PXFK FRQWURYHUV\ H[LVWV DV WR KRZ
IXQFWLRQDO GH¿FLWV FRXOG EH GH¿QHG LQ 0&, 7KH SUHVHQW VWXG\ H[SORUHV
WKHUHODWLRQVKLSVEHWZHHQFRJQLWLYHDQGIXQFWLRQDOLPSDLUPHQWVLQ&KLQHVH
VXEMHFWVZLWK0&,






5HVXOWV 7KHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV LQ DJH HGXFDWLRQDO OHYHO
DQGEDVLFDFWLYLWLHVRIGDLO\OLYLQJDVPHDVXUHGE\'$'EHWZHHQWKHFRJ




S '$' ,$'/VFRUHV FRUUHODWH VLJQL¿FDQWO\ZLWK$'$6&RJ WRWDO
DQG GHOD\HG UHFDOO WHVW VFRUHV 6SHDUPDQ FRUUHODWLRQV S  /RJLVWLF
UHJUHVVLRQDQDO\VLVUHYHDOHGWKDW'$',$'/DQGGHOD\HGUHFDOOVFRUHVZHUH
VLJQL¿FDQWSUHGLFWRUVIRU0&,



















ZHUH DQDO\]HG EHIRUH RQVHW DQG DIWHU WHUPLQDWLRQ RI WKH WULDO XVLQJ+LJK
3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ 3HDUVRQ FRUUHODWLRQZDV DSSOLHG WR
GHWHUPLQH WKH VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ RI VHUXP DOSKD WRFRSKHURO
DQGWKH5%07VFRUHVZKLOHWKHXQSDLUHGWWHVWWRGHWHUPLQHWKHVLJQL¿FDQW
FKDQJHVLQVHUXPDOSKDWRFRSKHURODIWHUVXSSOHPHQWDWLRQ
5HVXOWV $ WRWDO RI Q  UHFHLYHG  ,8 DOSKD WRFRSKHURO DQG Q 
UHFHLYHG SODFHER 7KH EDVHOLQH DQG GHPRJUDSKLF FKDUDFWHULVWLFV EHWZHHQ
WKH WUHDWPHQW DQG SODFHER JURXSV ZHUH VLPLODU 6HUXP ĮWRFRSKHURO ZDV
VLJQL¿FDQWO\ GLIIHUHQW EHWZHHQ WKH WUHDWPHQW JURXS DQG SODFHER JURXS
S7UHDWPHQWJURXSKDGDKLJKHU OHYHORI VHUXPĮWRFRSKHURO DIWHU
D\HDURI ,8RIĮWRFRSKHURO VXSSOHPHQWDWLRQ7KH WUHDWPHQWJURXS





&RQFOXVLRQV &HUWDLQ DVSHFW RI FRJQLWLYH IXQFWLRQ LPSURYHG VLJQL¿FDQWO\
LQ WKH WUHDWPHQW JURXS 7KLV VXJJHVWV DOSKD WRFRSKHURO KDV FRQVLGHUDEOH

















0HWKRGV ,Q WKLV RSHQODEHO PXOWLFHQWUH 306 VWXG\  SDWLHQWV ZLWK





RI WUHDWPHQW ,Q D VXEJURXS DQDO\VLV WKH SDWLHQWV WUHDWHG LQPRQRWKHUDS\










2YHUDOOPHPDQWLQHZDVZHOO WROHUDWHG DQGQR VHULRXV DGYHUVH GUXJ UHDF
WLRQVZHUH REVHUYHG7KH WUHDWPHQWZLWKPHPDQWLQHZDV SXUVXHG LQ 
RIDOOSDWLHQWVDIWHU WKHREVHUYDWLRQSHULRG7KHDQDO\VLVRI WKHHI¿FDF\

















2EMHFWLYHV0HPDQWLQH WUHDWPHQW UHVXOWHG LQ VLJQL¿FDQW FRJQLWLYH EHQH¿W
YHUVXVSODFHERLQWZRPXOWLFHQWUHUDQGRPLVHGSODFHERFRQWUROOHGZHHN














DQG FRJQLWLRQ WKH FRJQLWLYH VXEVFDOH RI WKH$O]KHLPHU¶V'LVHDVH$VVHVV
PHQW6FDOH$'$6FRJZHUHDVVHVVHGRYHUWKHPRQWKVSHULRGDQGGDWD
ZHUHDQDO\VHGGHVFULSWLYHO\
5HVXOWV 1  SDWLHQWV HQWHUHG DQG  RI WKHVH FRPSOHWHG WKH RSHQ




































UDW EUDLQ  ,Q WKH SUHVHQW VWXG\ZH H[SORUHG WKH QHXURPRGXODWRU\ UROH















RI$'0RUHRYHU¤¤XQGHUVWDQGLQJ WKH UROHRI WKHQLWUHUJLF V\VWHP LQ WKH
QHXURFKHPLFDOFKDQJHV UHODWHG WRQHXURSDWKRORJLFDO IHDWXUHVRI$'PLJKW













2EMHFWLYHV 5HFHQW \HDUV JOXWDPDWH H[LWRWR[LFLW\ KDV EHHQ H[WHQVLYHO\
LQYHVWLJDWHG LQ WKH SDWKRJHQHVLV RI QHXURQDO GHJHQHUDWLRQ LQ $O]KHLPHU
GLVHDVH $' ,Q RXU SUHYLRXV VWXGLHV JOXWDPDWH DXWRDQWLERGLHV ZDV GLV
FRYHUHGDQGHVWDEOLVKHGLQEORRGVHUDRISDWLHQWVZLWKPRGHUDWHDQGVHYHUH





0HWKRGV 7KH OHYHO RI VHUXP JOXWDPDWH DQWLERGLHV ZDV GHWHUPLQHG LQ
PRGL¿HGVROLGSKDVHLPPXQRHQ]\PHDVVD\(/,6$7KHVWXG\LQFOXGHG
IHPDOHSDWLHQWVZLWK$'DQGPHQWDOO\KHDOWK\ZRPHQRIWKHVDPHPHDQ
DJH  \HDUV7KHGLDJQRVLV RI$'ZDVPDGH LQ DFFRUGDQFHZLWK




























EHKDYLRUDO PHDVXUH RI WKH LQWHUKHPLVSKHULF LQWHJUDWLRQ RI YLVXDO VWLPXOL











,Q ([S  ZH IRXQG D UHOLDEO\ ODUJHU 56( IRU QRUPDO  PV WKDQ IRU


















2EMHFWLYHV 6FKL]RSKUHQLD 635 LV D PDMRU PHQWDO GLVRUGHU DIIHFWLQJ
DSSUR[LPDWHO\  RI WKH JHQHUDO SRSXODWLRQ $QG WKHUH LV D VLJQL¿FDQW
DVVRFLDWLRQ EHWZHHQ 635 DQG VHULRXV RWKHUGLUHFWHG YLROHQW EHKDYLRU
LQFOXGLQJ KRPLFLGH$OWKRXJK YLROHQW EHKDYLRU KDV PXOWLIDFWRULDO FDXVHV
JHQHWLFIDFWRUVSOD\DQLPSRUWDQWUROHLQWKHYLROHQWEHKDYLRU7KHFRQQHF
WLRQEHWZHHQFDWHFKRODPLQHDQGYLROHQWEHKDYLRUKDVEHHQHVWDEOLVKHGZLWK









DFWLYLW\ LVJRYHUQHGE\DSRO\PRUSKLVP9DOLQH!0HWKLRQLQH WKDW UHVXOWV
LQ VXEVWDQWLDO IROGYDULDWLRQV LQHQ]\PDWLFDFWLYLW\*HQHV LQYROYHG LQ
&207 DUH JRRG FDQGLGDWHV IRU UHJXODWLQJ YLROHQW EHKDYLRU HVSHFLDOO\ LQ
6355HFHQWO\WKHUHDUHVRPHUHVXOWVWKDWD9DOLQH!0HWKLRQLQHSRO\PRU
SKLVP LQ&207JHQHZDV DVVRFLDWHGZLWK YLROHQW EHKDYLRU LQ6357KLV
VWXG\ZDVGHVLJQHG WR LQYHVWLJDWH DVVRFLDWLRQEHWZHHQ&207JHQHSRO\
PRUSKLVPDQGKRPLFLGHLQPDOH635
0HWKRGV 7KH &207 JHQH SRO\PRUSKLVP ZDV W\SHG ZLWK 3&5 LQ 
SDWLHQWV ZLWK KRPLFLGDO 635  SDWLHQWV ZLWK QRQYLROHQW 635 DQG 
QRUPDOV 6XEMHFWV ZHUH DOO PDOH 'LDJQRVLV RI VFKL]RSKUHQLD ZDV EDVHG





5HVXOWV 7KH JHQRW\SH LQ KRPLFLGDO 635 ZLWK YDOYDO YDOPHW PHWPHW
ZHUH    DQG LQ QRQYLROHQW 635 ZHUH
   LQ QRUPDOV ZHUH  
7KH DOOHOH IUHTXHQFLHV LQ KRPLFLGDO 635ZLWK YDO DQGPHWZHUH
  LQ QRQYLROHQW 635ZHUH   LQ
QRUPDOVZHUH  2YHUDOO WKHUHZHUH QR GLIIHUHQFHV
LQ JHQRW\SHȤ  GI  3  DQG DOOHOH IUHTXHQFLHVȤ 
GI 3 DPRQJWKHJURXSV1RGLIIHUHQFHVLQJHQRW\SHȤ 
GI S  DQG DOOHOH IUHTXHQFLHVȤ  GI  S  ZHUH
REVHUYHG ZKHQ KRPLFLGDO 635 DQG QRQYLROHQW 635 ZHUH FRPSDUHG DQG
DOVR WKHUH ZHUH QR GLIIHUHQFHV LQ JHQRW\SHȤ  GI  S  DQG
DOOHOH IUHTXHQFLHVȤ  GI S  EHWZHHQ KRPLFLGDO 635 DQG
QRUPDOV7KHUHZHUHQRGLIIHUHQFHVJHQRW\SHȤ GI S DQG



























RI WKLV VWXG\ ZHUH WR LQYHVWLJDWH ZKHWKHU WKH QHXURFRJQLWLYH IXQFWLRQV
ZRXOG EH FRUUHODWHGZLWK SV\FKRWLF V\PSWRPV DQGZKHWKHU DQWLSV\FKRWLF
WUHDWPHQWVZRXOGDIIHFWWKHQHXURFRJQLWLYHIXQFWLRQV
0HWKRGV 7KH WKLUW\RQH VFKL]RSKUHQLF SDWLHQWV ZKR ZHUH GUXJIUHH IRU
















VFKL]RSKUHQLFSDWLHQWV6SHFL¿FDOO\ LPSURYHPHQWV LQ WRWDOPHPRU\VFRUHV
DQGYLVXDOPHPRU\VFRUHVZRUGOLVWDFTXLVLWLRQSURVHPHPRU\UHFDOOIDFH







&RQFOXVLRQV7KLV VWXG\ LQGLFDWHV WKDW WKH QHXURFRJQLWLYH IXQFWLRQVZHUH
PRUH GHIHFWLYH DV WKH SV\FKRWLF V\PSWRPV ZHUH PRUH VHYHUH LQ VFKL]R
SKUHQLF SDWLHQWV 6SHFL¿FDOO\ WKH QHJDWLYH V\PSWRPV ZHUH VLJQL¿FDQWO\
FRUUHODWHGZLWK VXVWDLQHG DWWHQWLRQ DQG H[HFXWLYH IXQFWLRQ0RUHRYHU RXU
UHVXOWV VXJJHVW WKDW FRJQLWLYH IXQFWLRQ GH¿FLW FRXOG EH UHYHUVLEOH DIWHU












0HWKRGV  VFKL]RSKUHQLF SDWLHQWV DQG  KHDOWK\ VXEMHFWVPDWFKHG IRU
JHQGHUDQGDJHZHUHLQYHVWLJDWHGZLWKDFXHG&37(YHQWUHODWHGSRWHQWLDOV









SKUHQLF SDWLHQWV DQG KHDOWK\ VXEMHFWV+RZHYHU LQ VFKL]RSKUHQLF SDWLHQWV
UHDFWLRQWLPHDQG*RDVZHOODV1R*RODWHQFLHVZHUHSURORQJHG*RDQG
HVSHFLDOO\1R*RDPSOLWXGHVZHUH UHGXFHG DQG EHJLQQLQJ RI WKH*R DQG
1R*R06ZDVUHWDUGHG
&RQFOXVLRQV :KHUHDV PRVW RI WKH 3SDUDPHWHUV UHÀHFWLQJ DWWHQWLRQ




















LW LV TXHVWLRQDEOH ZKHWKHU UHFRYHU\ LV D UHDOLVWLF JRDO LQ VFKL]RSKUHQLD
GH¿QLQJ WKHSDWK WR UHPLVVLRQPD\DGYDQFHFDUHE\ DVVHVVLQJFXUUHQW
WUHDWPHQWSURJUHVVLGHQWLI\LQJEDUULHUVWRUHPLVVLRQDQGLPSURYLQJ
FRPPXQLFDWLRQDQGVHWWLQJH[SHFWDWLRQVZLWKSDWLHQWVDQGFDUHJLYHUV











&RQFOXVLRQV3URJUHVVRQ WKLV LQLWLDWLYH WRGHYHORS VLPSOHGLDJQRVWLF DQG















2EMHFWLYHV +RPRF\VWHLQH DQG IRODWH PHWDEROLVLP LV RI UHQHZHG LQWHUHVW
LQVFKL]RSKUHQLDDQGSV\FKRVLVUHVHDUFK(OHYDWHGKRPRF\VWHLQHLQSHRSOH
ZLWK VFKL]RSKUHQLDSDUWLFXODUO\ LQ\RXQJPDOHVZKR WHQG WRKDYHDPRUH




(33,& VHUYHV D JHRJUDSKLFDO FDWFKPHQW DUHD RI  DQG SURYLGHV D
¿UVWHSLVRGHSV\FKRVLVVHUYLFHIRU\RXQJSHRSOHDJHGEHWZHHQDQG








5HVXOWV 6R IDU  ¿UVW HSLVRGH SV\FKRVLV SDWLHQWV DQG  FRQWUROV KDYH




DQG SV\FKRVLV +RPRF\VWHLQH LV QHXURWR[LF SURPRWHV DSRSWRVLV DQG KDV










2EMHFWLYHV :H VRXJKW WR H[DPLQH WKH SUHYDOHQFH RI VXEFOLQLFDO IRODWH





0HWKRGV 5HG EORRG FHOO IRODWH DQG VHUXP IRODWH OHYHOV ZHUH PHDVXUHG




































2EMHFWLYHV&UHDWLQHSKRVSKRNLQDVH &3. LV DQ HQ]\PH IRXQGSUHGRPL








WKH SDUDQRLG VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG SDWLHQWV UHVSHFWLYHO\7KLV





0HWKRGV (LJKW\ FRQVHFXWLYHO\ DGPLWWHG ¿UVWHSLVRGH DQG UHFXUUHQW XQ
PHGLFDWHG VFKL]RSKUHQLDSDWLHQWVZLWKQRRUDO DQWLSV\FKRWLF WUHDWPHQW IRU
DWOHDVWWKUHHPRQWKVDQGZLWKQRGHSRWDQWLSV\FKRWLFVIRUDWOHDVWPRQWKV
&3.DQG35/ZHUHFROOHFWHGSULRUWRDQ\WUHDWPHQW([FOXVLRQFULWHULDZHUH












&RQFOXVLRQV 7KHVH UHVXOWV IXUWKHU VXSSRUW RXU K\SRWKHVLV WKDW WKHUH DUH
LQGLYLGXDO ELRORJLFDO WUDLWV RI WKH VFKL]RSKUHQLD VXEW\SHV DV UHÀHFWHG E\
VHUXPOHYHOVRI&3.DQG35/7KHVH¿QGLQJVPD\EHLPSOLFDWHGLQGH¿QLQJ
















UHVRQDQFH LPDJLQJ 05,VWXGLHV WKDWGHPRQVWUDWHGSUHIURQWDOYROXPHUH
GXFWLRQVLQVFKL]RSKUHQLDZKHUHDV OLWWOHKDVEHHQNQRZQDERXW WKHQDWXUH






 SDWLHQWV ZLWK VFKL]RW\SDO GLVRUGHU ,&'  SDWLHQWV ZLWK VFKL]R
SKUHQLD DQG  KHDOWK\ YROXQWHHUV PDWFKHG IRU DJH JHQGHU KDQGHGQHVV




5HVXOWV7RWDO SUHIURQWDO JUH\PDWWHU YROXPHVZHUH VPDOOHU ELODWHUDOO\ LQ
WKHVFKL]RSKUHQLDSDWLHQWVWKDQLQWKHFRQWUROVDQGWKHVFKL]RW\SDOSDWLHQWV
ZKHUHDVWKHVFKL]RW\SDOSDWLHQWVKDGODUJHUSUHIURQWDOJUH\PDWWHUWKDQWKH










&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW ZLGHVSUHDG LQYROYHPHQW RI WKH
SUHIURQWDOFRUWLFHVPD\OHDGWRWKHORVVRILQKLELWRU\FRQWUROLQRWKHUEUDLQ
UHJLRQV DQG SOD\ D FULWLFDO UROH LQ WKH PDQLIHVWDWLRQ RI RYHUW SV\FKRVLV







































(PDPLDQ (6 +DOO ' %LUQEDXP0- .DUD\LRUJRX0 *RJRV -$ 
&RQYHUJHQW HYLGHQFH IRU LPSDLUHG$.7*6.EHWD VLJQDOLQJ LQ VFKL]R
SKUHQLD1DW*HQHW
2KWVXNL 7 ,QDGD 7 $ULQDPL 7  )DLOXUH WR FRQ¿UP DVVRFLDWLRQ
























IURQWDO OREHV YROXPHV LQ SDWLHQWV DV FRPSDUHG WR FRQWUROV %&& VWXGLHG
PRUSKRORJLFDOSDUDPHWHUVZDVVLJQL¿FDQWDQGYDULHGIURPVORZWRPRGHUDWH

&RQFOXVLRQV 7KH GDWD GHPRQVWUDWHG WKDW &1/ DQG )/ YROXPHV FDQ EH














LQJ1&$0IUDJPHQWV LQ WKH VHUXPDQG WRGHWHUPLQHGLIIHUHQFHVEHWZHHQ
VFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\FRQWUROV,QWKHSDWLHQWVZHDOVRH[DP
LQHG WKH UHODWLRQVKLSVEHWZHHQ WKH OHYHOV RI FLUFXODWLQJ1&$0IUDJPHQWV
DQGVFKL]RSKUHQLFV\PSWRPV
0HWKRGV 6DPSOHVZHUH REWDLQHG IURP FKURQLF VFKL]RSKUHQLF SDWLHQWV
DQGKHDOWK\FRQWUROV$OOSDWLHQWVZHUHGLDJQRVHGDFFRUGLQJ WR'60,9
FULWHULD DQG UHFHLYHG FRQVLVWHQW GRVHV RI W\SLFDO RU DW\SLFDO DQWLSV\FKRWLF
PHGLFDWLRQ1&$0IUDJPHQWVLQVHUDDIWHUUHPRYDORIDOEXPLQDQGJOREX
OLQ ZHUHPHDVXUHG E\:HVWHUQ EORW WHFKQLTXHZLWKPRQRFORQDO DQWLERG\







DW WKH N'D N'D N'D DQG N'D EDQGV EXW GHFUHDVHV DW WKH
N'DDQGN'DEDQGVFRPSDUHGWRKHDOWK\FRQWUROV7KHN'DN'D
UDWLRZDV WKHPRVW RXWVWDQGLQJ LQ WHUPV RI VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
VFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\FRQWUROVDQGZDVVXEVWDQWLDOO\HOHYDWHG

















2EMHFWLYHV 6WXG\LQJ FOLQLFDOELRORJLFDO FRUUHODWLYHV RI VFKL]RSKUHQLD LQ
IDPLOLHV IRU GHWHUPLQDWLRQ RI JHQHWLF PHFKDQLVPV RI GHYHORSPHQW WKLV
PHQWDOGLVRUGHU
0HWKRGVIDPLOLHVRISDWLHQWVZLWKVFKL]RSKUHQLDSUREDQGVUHOD
WLYHV RI WKH¿UVW GHJUHH RI UHODWLRQVKLS DQGPHQWDO DQG VRPDWLF KHDOWK
SHUVRQV :H HVWLPDWHG SURFHVVHV RI DSRSWRVLV DW UHFHSWRU DQG FHOOOLNH
OHYHOVPHDVXUHGOLSLGSHUR[LGDWLRQWKLREDUELWXULFDFLGUHDFWLYHVXEVWDQFHV
7%$56RQHU\WKURF\WHVDQGOHYHORIPHGGOHPROHFXOHV00RIVHUXPRI




ZLWK FRQWURO S )RU WKH UHODWLYHV RI SDWLHQWV WKLV PHWULF VWDWLVWL
FDOO\GLGQRWGLIIHUIURPFRQWURO7KHOHYHORIVSRQWDQHRXVDSRSWRVLVRIQHX
WURSKLOVIRUWKHSHUVRQVZLWKVFKL]RSKUHQLDGLIIHUHGIURPYDOXHVRIFRQWURO
S WKH WHQGHQF\ WR LQFUHDVHRI WKLVPHWULF LVFKDUDFWHULVWLF IRU WKHLU
UHODWLYHVLQFRPSDULVRQZLWKFRQWURO,QEORRGRISDWLHQWVDQGWKHLUUHODWLYHV
WKHO\PSKRF\WHVZLWKIUDJPHQWHGQXFOHXVZHUHREVHUYHGUHOLDEO\PRUHRIWHQ




&RQFOXVLRQV7KH DPSOL¿FDWLRQ RI SURFHVVHV RI DSRSWRVLV DW UHFHSWRU DQG
















GLIIXVH ODUJH%FHOO QRQ+RGJNLQµV O\PSKRPDV 1+/ ,W LV D UDUH WXPRU
FRPSULVLQJDURXQGRQHSHUFHQWRIDOOEUDLQWXPRUV,WRFFXUVZLWKLQFUHDVLQJ
IUHTXHQF\LQLPPXQRORJLFDOO\QRUPDODVZHOODVLQLPPXQRFRPSURPLVHG
LQGLYLGXDOV(VSHFLDOO\ WKHUH DUH IRFDO QHXURORJLFDO VLJQV  7XPRUV RI WKH





5HVXOWV7KH SDWLHQWZDVPDUULHG XQHPSOR\HG  \HDUROGPDQ+HZDV
IRUFHGWRFRPHWRWKHSV\FKLDWULFKRVSLWDODIWHUDKRPLFLGDODWWDFNDJDLQVW
KHUZLIH7KHQ KH DWWHPSWHG VXLFLGH$VZH OHDUQHG IURPKLV UHODWLYHV KH
KDGKDGKHDGDFKHDQGSDUHVLVRQWKHOHIWKDQGLQ+HKDGJRQHWRWKH
KRVSLWDODQGSU\PDU\&16O\PSKRPDKDGEHHQGLDJQRVHGEXWLWKDGQµWEHHQ
FRQ¿UPHG E\ D ELRSV\+HZDV JLYHQ PJGD\ SUHGQLVRORQH IRU  GD\V
$IWHU WKDW WUHDWPHQW KLV V\PSWRPV KDG GLVDSSHUHG XQWLO MDQXDU\ $W








,Q WKH SV\FKLDWULF KRVSLWDO KH ZDV JLYHQ  PJGD\ KDORSHULGRO DQG 
PJGD\ ELSHULGHQ$W  GD\ RI KLV KRVSLWDOL]DWLRQKH EHFDPH OHWKDUJLF
DQG WUDQVIHUUHG WR WKH QHXURORJLFDO FOLQLF+DORSHULGRO DQG ELSHULGHQZHUH
VWRSSHG+H UHFHLYHG FKHPRWKHUDS\ SOXV ZKROHEUDLQ LUUDGLDWLRQ $IWHU 
PRQWKVRIKLVGLVFKDUJHKHKDGQRSV\FKLDWULFV\PSWRP
&RQFOXVLRQV3V\FKRVLVVHFRQGDU\ WREUDLQ WXPRU LV UHODWLYHO\UDUH,Q WKLV
FDVH WKHUH ZHUH VHYHUH GHOXVLRQV DQG KRPLFLGDO DQG VXLFLGDO EHKDYLRXU
FDXVHGE\SULPDU\&16O\PSKRPD7KHKRPLFLGDODQGVXLFLGDOEHKDYLRXU














0HWKRGV 6HUXP VDPSOHV RI  FDVHV RI VFKL]RSKUHQLD DQG  RI D






&RQFOXVLRQV7KHVH¿QGLQJV LQGLFDWH WKDW7JRQGLLPD\SOD\D UROH LQ WKH
HWLRSDWKRJHQHVLVRIVRPHVFKL]RSKUHQLFFDVHV7KHUHIRUHPRUHEDVLFVWXG










2EMHFWLYHV 3UHYLRXVO\ZH IRXQG HOHFWURSK\VLRORJLFDO PDFUR(0* DQG










RFFLSLWDO FRUWLFHV ZLWK QR GLIIHUHQFHV EHWZHHQ FKURQLF DQG ¿UVWHSLVRGH
SDWLHQWV ,QFUHDVHG FHUHEURVSLQDO ÀXLG &6) DQG JUD\PDWWHU YROXPH UH
GXFWLRQVZHUHIRXQGLQWHPSRUDOUHJLRQVDQGWKHJUD\PDWWHUFKDQJHVZHUH
PRUHSURPLQHQWLQSDWLHQWVZLWKDFKURQLFFRXUVH3DWKRORJLFDOHOHFWURSK\VL






3HULSKHUDO ELRORJLFDO FKDQJHV LQ DVVRFLDWLRQ ZLWK EUDLQ YROXPH FKDQJHV













WUHDWPHQW RI SDWLHQWV ZLWK VFKL]RSKUHQLD ,Q D ODUJH FRPSDUDWLYH PXOWL
FHQWHUHGREVHUYDWLRQDOVWXG\6FKL]RSKUHQLD2XWSDWLHQWV+HDOWK2XWFRPHV
62+2VXEMHFWLYHZHOOEHLQJZDVDVVHVVHGGXULQJWKH¿UVWPRQWKVDIWHU




























&RQFOXVLRQV ,Q WKH SUHVHQW QDWXUDOLVWLF VWXG\ FRPSOLDQFH ZLWK DQWLSV\
FKRWLFPHGLFDWLRQLQVFKL]RSKUHQLFRXWSDWLHQWVZDVVWURQJO\FRUUHODWHGZLWK
FKDQJHVLQSDWLHQWVµVXEMHFWLYHZHOOEHLQJ)XUWKHUIDFWRUVZLWKDQLQÀXHQFH
RQ FRPSOLDQFHZHUH FOLQLFDO V\PSWRPV LQ SDUWLFXODU SRVLWLYH V\PSWRPV
DQGVLGHHIIHFWVLQSDUWLFXODU(36
5HIHUHQFHV











DFTXLVLWLRQV RI EUDLQ LPDJHV RI VDPH ORFDWLRQ UHSHDWHGO\ KHDG PRWLRQ
GHWHULRUDWHV WKHGDWDTXDOLW\3DWLHQWVZLWK VFKL]RSKUHQLD DUHNQRZQ WREH
PRUHYXOQHUDEOHWRLQYROXQWDU\KHDGPRWLRQGXULQJWKHYLVXDOWDVNV,QWKLV
UHSRUW FRPSDUDWLYH DQDO\VLV EHWZHHQ KHDOWK\ VXEMHFWV ZLWK SDWLHQWV ZLWK
VFKL]RSKUHQLDWDUJHWLQJWKHKHDGPRWLRQGXULQJWKHI05,ZHUHSHUIRUPHG
:HDVVHVVHG WKHKHDGPRWLRQRI ERWK VXEMHFW JURXSVXQGHUJRLQJZRUNLQJ
PHPRU\WDVNVXVLQJWUDQVODWLRQDODQGURWDWLRQDOUHDOLJQPHQWSDUDPHWHUV
7KHVHUHDOLJQPHQWSDUDPHWHUVZHUHFRQYHUWHGWRKHDGGLVSODFHPHQWLQGLFHV
WR TXDQWLI\ VWHSZLVH VXEMHFW¶V KHDGPRWLRQ LQ VSDFH5HVXOWV LQGLFDWH WKDW





















0HWKRGV 1HDU±LQIUDUHG VSHFWURVFRS\ 1,56 LV DQ RSWLFDO PHWKRG ZLWK
KLJK WHPSRUDO UHVROXWLRQ ZKLFK DOORZV QRQLQYDVLYH PHDVXUHPHQWV RI
FRQFHQWUDWLRQFKDQJHVRIR[\JHQDWHGDQGGHR[\JHQDWHGKHPRJORELQLQWKH
EUDLQFRUWH[ZLWKLQWKHGHSWKRIFPIURPVXUIDFHEDVHGRQWKHGLIIHUHQW
DEVRUSWLRQ RU VFDWWHU RI R[\ DQGGHR[\KHPRJORELQ DQG LW HQDEOHV XV WR








5HVXOWV2[\DQG WRWDO+EV R[\+EGHR[\+EZHUH LQFUHDVHGRYHUD
ZLGHUDQJHRIELODWHUDOIURQWDODUHDVZLWKOHIWPHGLDOSUHIURQWDOGRPLQDQFH
LQQRUPDOFRQWUROVZKHUHDVLQVFKL]RSKUHQLFV2[\DQGWRWDO+EVVKRZHG
VWDWLVWLFDOO\ VLJQL¿FDQW GHFUHDVH DW OHIWPHGLDO SUHIURQWDO DUHD&RPSDULQJ
ZLWKLQVFKL]RSKUHQLDDFFRUGLQJWRDQWLSV\FKRWLFGUXJW\SHKHPRG\QDPLFV






























DWHG DQG RQO\ WKHQ WKH GLDJQRVWLF SURFHGXUHVZHUH SHUIRUPHG7KHPHDQ
DQGVWDQGDUGGHYLDWLRQZHUHREWDLQHGIRUWKHZKROHJURXSDQGWKHLUOHYHORI
VLJQL¿FDQFHZDVGHWHUPLQHGE\WKHWWHVW
5HVXOWVPHDQ DJH RI VXEMHFWV Q ZDV  \HDUV ROG PLQ 
PD[  DQG WKH PHDQ GLVHDVH GXUDWLRQ ZDV  \HDUV PLQ 
PD[  SDWLHQWV ZHUH LOOLWHUDWH  KDG  \HDUV RI VFKRROLQJ DQG
 KDG  \HDUV RI HGXFDWLRQ 7KH PHDQ 006( VFRUH ZDV 
PLQ  PD[  3DWLHQWV ZLWK PRUH WKDQ  \HDUV RI HGXFDWLRQ Q 
DFKLHYHG DPHDQ006( RI  DJH    \HDUV ROG DQG





&RQFOXVLRQV HOGHUO\ LQVWLWXWLRQDOL]HG VFKL]RSKUHQLF SDWLHQWV KDG KLJKHU
006(VFRUHV DQG FRJQLWLYHSHUIRUPDQFH WKDQ WKRVH OLYLQJ LQ LQVWLWXWLRQV
LQ WKH 86 DQG 8QLWHG .LQJGRP DV UHSRUWHG E\ WKH OLWHUDWXUH <HDUV RI
IRUPDO HGXFDWLRQ KDYH D SRVLWLYH LQÀXHQFH RQ FRJQLWLYH SHUIRUPDQFH LH
LOOLWHUDWHSHRSOHKDYHDSRRUHUSHUIRUPDQFH WKDQSDWLHQWVZKRKDGORZWR












2EMHFWLYHV7R HYDOXDWH WKH GLVFULPLQDWLYH DQG GLDJQRVWLF YDOXHV RI QHX
URSV\FKRORJLFDOWHVWVIRULGHQWLI\LQJVFKL]RSKUHQLDSDWLHQWV
0HWKRGV$ FURVVVHFWLRQDO VWXG\ZLWKPDOH VFKL]RSKUHQLD LQVWLWXWLRQ
DOL]HG DQG  KHDOWK\ PDWFKHG YROXQWHHUV ZDV FDUULHG RXW 3DUWLFLSDQWV
XQGHUZHQWWKHIROORZLQJQHXURSV\FKRORJLFDOWHVWV:LVFRQVLQ&DUG6RUWLQJ
WHVW9HUEDO)OXHQF\6WURRSWHVW0LQL0HQWDO6WDWH([DPLQDWLRQDQG6SD








&RQFOXVLRQV 7KH QHXURSV\FKRORJLFDO WHVWV VKRZHG PRGHUDWH GLDJQRVWLF











2EMHFWLYHV7KHUDSHXWLFGUXJPRQLWRULQJ 7'0 LVEDVHGRQ WKHDVVXPS
WLRQWKDWWKHUHLVDGH¿QDEOHUHODWLRQVKLSEHWZHHQSODVPDFRQFHQWUDWLRQDQG





ZLWK VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH SV\FKRVLV LQ D QDWXUDOLVWLF FOLQLFDO
VHWWLQJ4XHWLDSLQH LVDQHZO\GHYHORSHGDW\SLFDOQHXUROHSWLFGUXJ WKDW LV
HIIHFWLYHLQWUHDWLQJSURGXFWLYHV\PSWRPVRISV\FKRVLVZKLOHLWDSSHDUVQRW
WRSURYRNHPRUHH[WUDS\UDPLGDOVLGHHIIHFWVWKDQSODFHERWUHDWPHQW









WRPV LQPRVW RI WKH SDWLHQWV1R H[WUDS\UDPLGDO VLGH HIIHFWV DQG VHULRXV
HYHQWV ZHUH UHSRUWHG DOWKRXJKPRUH WKDQ  RI WKH VHUXP TXHWLDSLQH
FRQFHQWUDWLRQV PD[LPXPQJPOZHUHKLJKHU WKDQ WKH UHFRPPHQGHG
FRQFHQWUDWLRQUDQJHVIRU7'0LQDGXOWVQJPO
&RQFOXVLRQV 2XU SUHOLPLQDU\ GDWD VXJJHVW D GLIIHUHQW SKDUPDFRNLQHWLF
EHKDYLRXURITXHWLDSLQHLQFKLOGUHQDQGDGROHVFHQWV
5HIHUHQFHV










2EMHFWLYHV 0XOWLSOH OLQHV RI HYLGHQFH VXJJHVW WKDW LPSDLUPHQWV UHODWHG





























LGHQWLI\ WKH FHUHEUDO DFWLYDWLRQ SDWWHUQV RI LPSDLUHG DIIHFW SURFHVVLQJ LQ
VFKL]RSKUHQLDSDWLHQWV:HWKHUWKHVHHPRWLRQDOGH¿FLWVDUHSUHVHQWLQHDUO\
RQVHWVFKL]RSKUHQLDDVZHOOLV\HWXQFOHDU
0HWKRGV (DUO\RQVHW VFKL]RSKUHQLD SDWLHQWV DV ZHOO DV PDWFKHG KHDOWK\
FRQWURO VXEMHFWVZHUH H[DPLQHG$ IDFLDO HPRWLRQ GLVFULPLQDWLRQ WHVWZDV
XVHGZKLOH I05, GDWDZHUH DFTXLUHG LQ DQ HYHQWUHODWHG GHVLJQ 6XEMHFWV
YLHZHG VWDQGDUGL]HG IDFHV GLVSOD\LQJ KDSSLQHVV VDGQHVV DQJHU DQG IHDU
DVZHOO DV QHXWUDO IDFHV7KH WDVNZDV WR GHFLGHZKLFK RI WZR HPRWLRQDO
FDWHJRULHVPDWFKHG WKHGLVSOD\HGIDFLDOH[SUHVVLRQ$QDJHGLVFULPLQDWLRQ
WDVNVHUYHGDVDFRJQLWLYHFRQWUROWDVN
5HVXOWV 6WLPXODWLRQ ZLWK HPRWLRQDO IDFHV FRPSDUHG WR QHXWUDO IDFHV OHG
WRDQ LQFUHDVHGDFWLYDWLRQRIRFFLSLWRWHPSRUDODUHDVELODWHUDOO\DVZHOODV




IRU HPRWLRQ SURFHVVLQJ LQ MXYHQLOH VFKL]RSKUHQLD SDWLHQWV 2WKHU VWXGLHV
KDYHVKRZQVLPLODUUHVXOWVIRUWKHFRPSDULVRQRIDGXOWSDWLHQWVDQGKHDOWK\
FRQWURO VXEMHFWV7DNHQ WRJHWKHU WKHVHGDWD DUH FRQVLVWHQWZLWK WKHQRWLRQ
RI VFKL]RSKUHQLD DV D GHYHORSPHQWDO GLVRUGHU ZLWK FHUHEUDO G\VIXQFWLRQV
DOUHDG\SUHVHQWLQDGROHVFHQFH
$FNQRZOHGJHPHQWV 7KLV ZRUN ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK





















D¿UVW HSLVRGH RI SV\FKRVLV$VVHVVPHQW RI WKH DWULVN VWDWH IRU SV\FKRVLV
ZDVFRQGXFWHGZLWK WKHÄ%DVHO)(36<6FUHHQLQJ,QVWUXPHQW³DVSHFLDOO\
GHYHORSHG VFUHHQLQJ LQVWUXPHQW ,W LV GHVLJQHG WR DVVHVV SURGURPDO VLJQV
LQGLFDWRUV RI WKH EHJLQQLQJ GLVHDVH DQG RWKHU NQRZQ ULVN IDFWRUV7UDQVL
WLRQ WRSV\FKRVLVZDVDVVHVVHGXVLQJ WKHÄ%ULHI3V\FKLDWULF5DWLQJ6FDOH³
%356((*UHFRUGLQJZDVGRQHZLWKFKDQQHOVXVLQJWKHV\VWHP
7KH QHXURORJLVW EOLQGHG WR WKH VXEMHFWµV GLDJQRVLV YLVXDOO\ DQDO\VHG WKH
((*IRUWKHSUHVHQFHRISDWKRORJLFDOSDUR[\VPDOSDWWHUQV
5HVXOWV 3DWLHQWV ZLWK D ¿UVW HSLVRGH RI SV\FKRVLV VKRZHG WKH KLJKHVW
SHUFHQWDJH RI SDWKRORJLFDO SDUR[\VPDO SDWWHUQV  DV FRPSDUHG WR
LQGLYLGXDOVDW ULVNZKHUHE\QHLWKHUJURXSGLVSOD\HGDQ\VLJQVRI
FOLQLFDO HSLOHSV\ 3DWKRORJLFDO SDUR[\VPDO SDWWHUQVZHUH VSUHDG UHODWLYHO\







































5HVXOWV %DVHOLQH '+($ DQG '+($6 OHYHOV ZHUH VLJQL¿FDQWO\ KLJKHU





&RQFOXVLRQV 5HVXOWV VXJJHVW WKDW LQGLYLGXDOV LQ WKHLU ¿UVWHSLVRGH RI
VFKL]RSKUHQLD SV\FKRVLVPD\ GHYHORS D QHXURVWHURLG UHVSRQVH WR WKH ¿UVW











2EMHFWLYHV7KHDLPRI WKLVVWXG\ZDV WRHYDOXDWH WKHUHODWLRQVKLSDPRQJ
SODVPDOHYHOVRIUHSURGXFWLYHKRUPRQHVDQGWKHVHYHULW\RIQHJDWLYHV\PS
WRPVDQGFRJQLWLYHIXQFWLRQVLQIHPDOHSDWLHQWVZLWKFKURQLFVFKL]RSKUHQLD
0HWKRGV 7ZHQW\RQH IHPDOH VFKL]RSKUHQLD PHDQ DJH  >6' @
\HDUVZKRVHSV\FKLDWULF V\PSWRPVZHUH VWDEOH IRUDW OHDVWZHHNVSULRU
WRH[DPLQDWLRQSDUWLFLSDWHGLQWKLVVWXG\7KHGXUDWLRQRILOOQHVVPHDQZDV
>6'@PRQWKV$OORIWKHPZHUHRQDQWLSV\FKRWLFPHGLFDWLRQDW
WKH WLPHRI H[DPLQDWLRQZLWK GDLO\ GRVDJH UDQJLQJ IURP WR PJ
FKORUSURPD]LQHHTXLYDOHQWVPHDQ >6'@)RUWKHDVVHVVPHQW
RIQHJDWLYHV\PSWRPV WKHVFDOHIRU WKHDVVHVVPHQWRIQHJDWLYHV\PSWRPV







'HSUHVVLRQ 6FDOH IRU 6FKL]RSKUHQLD DQG 'UXJ ,QGXFHG ([WUD3\UDPLGDO
6\PSWRPV6FDOHZHUHDOVRXVHGIRUH[FOXVLRQRIELDVFDXVHGE\GHSUHVVLRQ
RUGUXJLQGXFHGPRYHPHQWGLVRUGHUV
5HVXOWV 6LJQL¿FDQW FRUUHODWLRQV EHWZHHQ 6$16 WRWDO VFRUHV DQG SODVPD








&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW WKH ORZHU OHYHOV RI HVWURJHQ DQG












VFKL]RSKUHQLD7KH GLDJQRVWLF FULWHULD XVHG DUH WKH VDPH IRU FKLOGUHQ DQG







EH LPSOLFDWHG IRU WKH GLVHDVH GLDJQRVWLFV DQG SURJQRVLV$ GHVLJQ RI WKH
VWXG\ZDVWRFRPSDUHJHQRW\SHGLVWULEXWLRQLQWKHJURXSRIFKLOGUHQGLDJ
QRVHGZLWK VFKL]RSKUHQLD WR WKDW LQ DGXOW SDWLHQWVZLWK HDUO\DJHDWRQVHW
VFKL]RSKUHQLDZKRKDYHDYHUL¿HGGLDJQRVLVRIWKHGLVRUGHUZLWKFKURQLF
FRXUVHDQGSRRURXWFRPH:HVWXGLHGWKH7&SRO\PRUSKLVPRIVHURWRQLQ




















&RQFOXVLRQV 7KHUHIRUH SDWLHQWV ZLWK HDUO\DJHDWRQVHW VFKL]RSKUHQLD
KDYH WKHIROGKLJKHU ULVNRIGHYHORSLQJ WKHGLVHDVHZLWKFKURQLFFRXUVH
DQG SRRU RXWFRPH LI WKH\ KDYH WKH$$JHQRW\SH7DNLQJ WKH UHVXOWV RI













2EMHFWLYHV	0HWKRGV 7R LQYHVWLJDWH JHQHWLF GHWHUPLQDWLRQ RI ELRORJL
FDO SHFXOLDULWLHV WKDW XQGHUOLH FRJQLWLYH G\VIXQFWLRQ LQ VFKL]RSKUHQLD ZH








PHWLF WDVN SRRUO\ GHPRQVWUDWHG VLPLODU DEQRUPDOLWLHV RI ((* UHDFWLYLW\
GXULQJWKHDULWKPHWLFWDVNDVFRPSDUHGWRFRQWUROV7KHVHZHUHDQH[FHVVRI
GHOWDSRZHUDQGOHVVGHSUHVVLRQRIDOSKDDQGEHWDUK\WKPVSUHGRPLQDQWO\
LQ WKHIURQWDO IURQWRWHPSRUDODQGSDULHWDO UHJLRQVRI WKH OHIWKHPLVSKHUH
'XULQJ SHUFHSWLRQ RI HPRWLRQDO ZRUGV SDWLHQWV VKRZHG  D VLJQL¿FDQW
LQFUHDVHLQGHOWDSRZHUHVSHFLDOO\DWWKHIURQWDODQGSDULHWDOUHJLRQVD








WKHIURQWDOUHJLRQVDQGDQLQFUHDVH LQEHWD±SRZHUDW WKH OHIW WHPSRUDO
UHJLRQDUHVSHFL¿FWRPHQWDODULWKPHWLFDQGSHUFHSWLRQRIHPRWLRQDOZRUGV
UHVSHFWLYHO\ $OO DERYH PHQWLRQHG ((*DEQRUPDOLWLHV GLVFULPLQDWHG WKH














2EMHFWLYHV 5HFHQW HYLGHQFH LPSOLFDWHV D JOXWDPDWHUJLF G\VEDODQFH DV D
PDMRUSULQFLSOHXQGHUO\LQJWKHSDWKRJHQHVLVDQGSURJUHVVLRQRIVFKL]RSKUH
QLD(PSOR\LQJ LPPXQRKLVWRFKHPLFDOPHWKRGV LQ DQ DQLPDOPRGHO EDVHG
RQFKURQLF10'$DQWDJRQLVPZLWK0.ZHZHUHDEOHWRGHPRQVWUDWH
DOWHUDWLRQV RI LQWUDFHOOXODU JOXWDPDWH OHYHOV LQ VWUDWHJLFDOO\ LPSRUWDQW OR
FDOLVDWLRQVZLWKLQ WKH KLSSRFDPSXVZKLFKZHUH UHYHUVHG LQ WKH SUHVHQFH
RI KDORSHULGRO 6LQFH JOXWDPDWHUJLF DFWLYLW\ LV WLJKWO\ FRQQHFWHG ZLWK WKH
JHQHUDWLRQ RI UHDFWLYH R[\JHQ VSHFLHVZH K\SRWKHVL]HG DQ DVVRFLDWLRQ RI
0. LQGXFHGJOXWDPDWHG\VUHJXODWLRQDQGR[LGDWLYH VWUHVV7KH OHYHOV
RI JHQH H[SUHVVLRQ XOWUDVWUXFWXUH DQG EHKDYLRU ZHUH FRQVLGHUHG LQ RXU
LQYHVWLJDWLRQ
0HWKRGV  DGROHVFHQW UDWV ZHUH WUHDWHG RYHU  GD\V ZLWK 0.






5HVXOWV0. WUHDWPHQW OHG WRDQ±DOEHLW VXEWOHDOWHUDWLRQRI WKHKLS
SRFDPSDO F\WRDUFKLWHFWXUH DQG UHJLRQDO JOXWDPDWH GLVWULEXWLRQ $OWKRXJK





&RQFOXVLRQV &RQYHUJHQW OLQHV RI HYLGHQFH IURP RXU SUHOLPLQDU\ GDWD
LQGLFDWHWKDWJOXWDPDWHLQGXFHGR[LGDWLYHVWUHVVLQGLVWLQFWVXEUHJLRQVRIWKH
&16PD\ DFFRXQW IRU WKH EHKDYLRUDO DEQRUPDOLWLHV H[KLELWHG E\0.
WUHDWHGUDWV$OWKRXJKWKLVSKDUPDFRORJLFDODSSURDFKEHFRPHVLQFUHDVLQJO\
DFFHSWHGDVWKHRQHZLWKWKHKLJKHVWGHJUHHRIYDOLGLW\DVDPRGHOIRUVFKL]R
















 KHDOWK\ FRQWURO VXEMHFWV DOO PDWFKHG ZLWK UHVSHFW WR JHQGHU DJH DQG
HGXFDWLRQDO VWDWXV XQGHUZHQW H[SHULPHQWDO QHXURSV\FKRORJLFDO WHVWLQJ

















&RQFOXVLRQV 6FKL]RDIIHFWLYH SDWLHQWV GLG QRW GLIIHU VLJQL¿FDQWO\ IURP
KHDOWK\VXEMHFWVLQZRUNLQJPHPRU\WDVNSHUIRUPDQFHEXWVKRZHGVLJQL¿
FDQWO\EHWWHUUHVXOWVLQWKHDUWLFXODWRU\UHKHDUVDOPHPRU\WDVNDVFRPSDUHG
WR VFKL]RSKUHQLF SDWLHQWV DOWKRXJK WKHUHZDV QR VLJQL¿FDQW GLIIHUHQFH LQ
SV\FKRSDWKRORJLFDOUDWLQJVFDOHVEHWZHHQWKHWZRJURXSV7KLVVXJJHVWVWKDW



















0HWKRGV +HQFH WKH SUHVHQW VWXG\ XVHG IXQFWLRQDO PDJQHWLF UHVRQDQFH
LPDJLQJI05, WRH[DPLQH WKHQHXUDOFRUUHODWHVRI WKH LQWHUSOD\EHWZHHQ
FRJQLWLYH DQG HPRWLRQDO SURFHVVLQJ LQ IXUWKHU GHWDLO+HDOWK\ SDUWLFLSDQWV
Q  DQG VFKL]RSKUHQLD SDWLHQWV Q  SHUIRUPHG D FRPELQHG EDFN
EDFN WDVN ZKLOH QHJDWLYH HPRWLRQ ZDV LQGXFHG E\ PHDQV RI QHJDWLYH
ROIDFWRU\ VWLPXODWLRQ )RU FRPSDULVRQ D FRQWURO FRQGLWLRQ ZLWK QHXWUDO
URRP DLU VWLPXODWLRQ ZDV DSSOLHG 6XEMHFWLYH UDWLQJV ZHUH DVVHVVHG DIWHU
HDFKFRQGLWLRQ'DWDDQDO\VLVZDVSHUIRUPHGZLWK6307KHPDLQHIIHFW
RIFRJQLWLRQZDVDQDO\]HGIRUHDFKVXEMHFWFRQWUDVWLQJ WKHEDFNDQGWKH
EDFN FRQGLWLRQ 7KHPDLQ HIIHFW RI HPRWLRQZDV FUHDWHG E\ FRPSDULQJ








ERWK JURXSV$V H[SHFWHG VFKL]RSKUHQLD SDWLHQWV GHPRQVWUDWHG D UHGXFHG
RYHUDOO EHKDYLRUDO SHUIRUPDQFH FRPSDUHG WR FRQWUROV 7KH LPSDLULQJ HI
IHFW RI WKH QHJDWLYHPRRG LQGXFWLRQZDV YLVLEOH GXULQJZRUNLQJPHPRU\
SHUIRUPDQFH EDFN RQO\ LQ ZKLFK WKH PHDQ QXPEHU RI FRUUHFW WDUJHW
UHDFWLRQV ZDV VLJQL¿FDQWO\ ORZHU GXULQJ QHJDWLYH ROIDFWRU\ VWLPXODWLRQ
DVFRPSDUHG WR WKHQHXWUDOFRQGLWLRQ7KLVHIIHFWHPHUJHGRQO\DVD WUHQG
LQ SDWLHQWV ,Q DFFRUGDQFH WR SUHFHGLQJ HYLGHQFH SDWLHQWV GHPRQVWUDWHG D
UHGXFHGDFWLYDWLRQIRUWKHPDLQHIIHFWRIZRUNLQJPHPRU\EDFNEDFN
FRPSDUHG WRFRQWUROV+RZHYHUGXULQJ WKHHPRWLRQFRJQLWLRQ LQWHUDFWLRQ
LHZRUNLQJPHPRU\DQGQHJDWLYHPRRGLQGXFWLRQDVSHFL¿FK\SRDFWLYDWLRQ
RISDWLHQWVHPHUJHGLQWKHDQWHULRUFLQJXODWHDQGSUHIURQWDOFRUWH[
&RQFOXVLRQV 2XU UHVXOWV LQGLFDWH WKDW VFKL]RSKUHQLD SDWLHQWV UHYHDO G\V



























URVDWHOOLWHPDUNHU WHVWHG ,Q WKH DVVRFLDWLRQ DQDO\VLV3YDOXHVZHUH
REWDLQHGIRU¿YH613VUVUVUVUVDQG
UV3YDOXHVZHUHOHVVWKDQIRUWKUHHRIWKHVH613V
&RQFOXVLRQV 6DPSOHE\VDPSOH JHQRW\SLQJ LV ZDUUDQWHG IRU WKHVH ¿YH
















0HWKRGV :H SHUIRUPHG PXWDWLRQ VFUHHQLQJ RI 3'/,0 LQ -DSDQHVH
SDWLHQWVZLWK VFKL]RSKUHQLD DQG HYDOXDWHG DVVRFLDWLRQV RI SRO\PRUSKLVPV
LGHQWL¿HGZLWK VFKL]RSKUHQLD LQD -DSDQHVHFDVHFRQWUROSRSXODWLRQ5HDO
7LPH4XDQWLWDWLYH 3&5 DQG HOHFWURSKRUHWLFPRELOLW\ VKLIW DVVD\ (06$
























2EMHFWLYHV 7KH VWXG\ ZDV DLPHG WR WKH DQDO\VLV RI QHXURSK\VLRORJLFDO





WKH VWDQGDUG WZRWRQHRGGEDOOSDUDGLJP7DUJHWVZHUH WRQHV+]
G%SUREDELOLW\±QRQWDUJHWV±+]G%SUREDELOLW\±7KH















WKH VLJQL¿FDQW FRUUHODWLRQV EHWZHHQ3 FKDUDFWHULVWLFV DQG WKH YROXPHV
RI KLSSRFDPSXV LQ DOO JURXSV DVZHOO DV EHWZHHQ 3 DQG IURQWDO OREHV



















0HWKRGV:H UHFRUGHG PXOWLFKDQQHO UHVWLQJ ((* VLJQDOV LQ  VSRUDGLF
SDWLHQWVZLWKVFKL]RSKUHQLD\HDUVROGWKHLUKHDOWK\VLEOLQJV








HQFHYDOXHRIKHDOWK\ VLEOLQJV LQEHWDEDQG((*ZDVKLJKHU WKDQKHDOWK\
FRQWUROVDQGORZHUWKDQVFKL]RSKUHQLFV5LJKWLQWUDKHPLVSKHULFIURQWRWHP
SRUDO FRKHUHQFHYDOXHV LQ WKHWDEDQG((*ZHUH LQFUHDVHG VLJQL¿FDQWO\ LQ
ERWK VLEOLQJVDQG VFKL]RSKUHQLFVFRPSDUHG WRKHDOWK\FRQWUROV7KHPHDQ
FRKHUHQFHYDOXHRIKHDOWK\VLEOLQJVLQWKHWDEDQG((*ZDVEHWZHHQVFKL]R
SKUHQLFV¶DQGKHDOWK\FRQWUROV¶
&RQFOXVLRQV((*FRKHUHQFHFKDQJHV LQ WKH IURQWRWHPSRUDO UHJLRQVZHUH
REVHUYHG LQ ERWK VFKL]RSKUHQLFV DQG WKHLU KHDOWK\ VLEOLQJV FRPSDUHG WR



























RI WREDFFR DEVWLQHQFH FRQVLVWHG LQ GRVDJH E\ VSHFWURSKRWRPHWHU RI WKH
HU\WKURF\WH DQWLR[LGDQW HQ]\PHV DFWLYLW\ 6XSHUR[LGH 'LVPXWDVH 62'
*OXWDWKLRQH 3HUR[LGDVH *6+3[ &DWDODVH &$7 DQG GRVDJH E\ VSHF





































1HXURORJLFDO VRIW VLJQV KDYH EHHQ UHSRUWHG LQ QRQ DIIHFWHG VLEOLQJV RI
VFKL]RSKUHQLF SDWLHQWV HPSKDVL]LQJ WKH LPSRUWDQFH RI WKHVH DQRPDOLHV DV
VFKL]RSKUHQLD YXOQHUDELOLW\PDUNHUV+RZHYHU IHZ VWXGLHV KDYH H[SORUHG











































PHHWLQJ ,&'FULWHULD IRUSDUDQRLG VFKL]RSKUHQLDZHUHZHLJKWHGEHIRUH











ZHLJKW RU RI WKHLU EDVHOLQH ERG\ZHLJKW DIWHU ZHHNV RI RODQ
]DSLQH WUHDWPHQW )RU +7$ JHQRW\SLQJ DPRQJ  SDWLHQWV RQO\ WKUHH
SDWLHQWV KDG WKH +LV7\U JHQRW\SH ZKLOH RWKHUV ZHUH DOO +LV
KRPR]\JRWHV 7KHUHIRUH +LV7\U SRO\PRUSKLVP ZDV QRW HQWHUHG LQWR
WKHDQDO\VHV+RZHYHUQRVLJQL¿FDQWFRUUHODWLRQVZHUHIRXQGEHWZHHQRWKHU
+7$ JHQRW\SHV DQGZHLJKW JDLQ SDUDPHWHUV 7DEOH 0RUHRYHU WKHUH
ZHUHQRVLJQL¿FDQWDVVRFLDWLRQVEHWZHHQDJHDQGVH[RIWKHSDWLHQWVDQGWKH
SDUDPHWHUV RIZHLJKW JDLQ PDOHYV IHPDOHSDWLHQWV%:&%:&%0,
FKDQJH±S!
&RQFOXVLRQV 7& DQG ±*$ YDULDWLRQV RI +7$ UHFHSWRU JHQH
DUHXQOLNHO\ WRSOD\ DQ LPSRUWDQW UROH LQRODQ]DSLQHLQGXFHGZHLJKWJDLQ
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2EMHFWLYHV 7KH ¿UVW DLP RI WKLV SDSHU LV WR H[DPLQH WKH SUHYDOHQFH RI
LQGLYLGXDOSV\FKRWLF V\PSWRPV LQSDWLHQWVZLWK VFKL]RSKUHQLD7RDFFRP
SOLVKWKLVDLPZHH[DPLQHGWKHUHODWLYHSUHYDOHQFHDQGIUHTXHQF\RIHLJKW
GLIIHUHQWSV\FKRWLFV\PSWRPVLQRXUZHOOGLDJQRVHGVDPSOHRISDWLHQWVZLWK
VFKL]RSKUHQLD7KH VHFRQGDLPRI WKHSDSHU LV WRH[DPLQHRI WKHSRVVLEOH
DVVRFLDWLRQRISODWHOHWVHURWRQHUJLFPDUNHUVRIVFKL]RSKUHQLDZLWK3$166
GHULYHGLQGLYLGXDOSV\FKRWLFV\PSWRPV
0HWKRGV 3DWLHQWV 1  ZLWK FKURQLF VFKL]RSKUHQLD '60,9 
ZHUHDVVHVVHGE\WKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3ODWHOHWVHURW
RQLQFRQWHQWKLJKDQGORZPROHFXODUZHLJKWVHURWRQLQWUDQVSRUWHUSURWHLQ
LPPXQRUHDFWLYLW\ +0: DQG/0:±,56(57ZHUH DOVRPHDVXUHG7R
VWXG\WKHLPPXQRUHDFWLYHKXPDQSODWHOHWVHURWRQLQWUDQVSRUWHU,5K6(57





5HVXOWV 7KH PRVW IUHTXHQWO\ SV\FKRWLF V\PSWRPV ZHUH GHOXVLRQV FRQ
FHSWXDO GLVRUJDQL]DWLRQ DQG KDOOXFLQDWLRQV DQG WKH PDMRULW\ RI SDWLHQWV
H[SHULHQFHGIURPRQHWRWKUHHV\PSWRPV7KHVLJQL¿FDQWLQFUHDVHRI+7
FRQWHQWV ZDV IRXQG 7KH SRVLWLYH VLJQL¿FDQW DVVRFLDWLRQV EHWZHHQ +7
FRQWHQWYVGHOXVLRQVDQGKDOOXFLQDWLRQV/0:,56(57LPPXQRUHDFWLYLW\






























WKDW WKH FRPPRQ IXQFWLRQDO JHQHWLF SRO\PRUSKLVP LQ WKH &207 JHQH
ZKLFKUHVXOWVLQWKUHHWRIRXUIROGGLIIHUHQFHLQ&207HQ]\PHDFWLYLW\PD\
FRQWULEXWH WR WKH HWLRORJ\RI VFKL]RSKUHQLFGLVRUGHU7R DGGUHVV WKLV LVVXH

















2EMHFWLYHV 5HGXFWLRQ RI WKH ÀRULG SV\FKRWLF V\PSWRPV DQG UHDFKLQJ RI













5HVXOWV %HWWHU TXDOLW\ RI OLIH ZDV DVVHVV DPRQJ \RXQJHU SDWLHQWV ZLWK
ORQJHU DQG VWDEOH UHPLVVLRQ SHULRGVZLWK EHWWHU FRPSOLDQFH WUHDWHGZLWK
DW\SLFDOQHXUROHSWLFVDQGDOVRZLWKEHWWHULQWHUSHUVRQDOVRFLDODQGRFFXSD
WLRQDOIXQFWLRQLQJ
&RQFOXVLRQV$GHTXDWH WUHDWPHQW RI FKURQLF DQG SURJUHVVLQJ LOOQHVV OLNH


















2EMHFWLYHV 1XPHURXV VWXGLHV KDYH UHSRUWHG OLQNDJH EHWZHHQ WKH QHX


















GHFOLQH LQ15*DOSKD LQ VFKL]RSKUHQLFV LQ FRPSDULVRQ WR FRQWUROV7KH
























0HWKRGV 3:, LPDJHVZHUH REWDLQHG XVLQJ JDGROLQLXP IRU '60,9
VFKL]RSKUHQLD SDWLHQWV PHDQ DJH6'  \HDUV PDOHV 
IHPDOHV DQG  QRUPDO FRQWUROV PHDQ DJH6'  \HDUV 
PDOHV IHPDOHVZLWKDQ76LHPHQVPDJQHW 75 PV7( PV









VFKL]RSKUHQLD +\SRWKHWLFDOO\ FKURQLF FHUHEUDO K\SRSHUIXVLRQPD\ DIIHFW



















0HWKRGV (OHYHQ VFKL]RSKUHQLF SDWLHQWVZLWK WUHDWPHQWUHVLVWDQW DXGLWRU\
KDOOXFLQDWLRQVUHFHLYHG+]U706VHVVLRQVRIPLQXWHVRI
PRWRU WKUHVKROG DSSOLHG EHWZHHQ WKH7 DQG 3 UHJLRQVZLWK WKH DLG RI
WKH HOHFWURHQFHSKDORJUDSK\ ± LQWHUQDWLRQDO V\VWHP 6\PSWRPV ZHUH
HYDOXDWHG XVLQJ WKH &OLQLFDO *OREDO ,PSUHVVLRQ &*, VFDOH WKH 3RVLWLYH
DQG1HJDWLYH6\PSWRPV6FDOH 3$166 DQG$XGLWRU\+DOOXFLQDWLRQ5DW
LQJ 6FDOH $+56 %HIRUH DQG DIWHU U706   GD\V WKH SDWLHQWV ZHUH
LQYHVWLJDWHGE\PHDQVRIÀXRURGHR[\JOXFRVH )'*3(7DQG((*
7KH ' LQWUDFHUHEUDO GLVWULEXWLRQ RI QHXURQDO HOHFWULFDO DFWLYLW\ FXUUHQW



















&RQFOXVLRQV2XU VWXG\ FRQ¿UPHG WKH HI¿FLHQF\RI ORZIUHTXHQF\ U706
DSSOLHGWRWKHOHIWWHPSRURSDULHWDOFRUWH[LQUHGXFWLRQRIWUHDWPHQWUHVLVWDQW










2EMHFWLYHV 7KH SXUSRVH RI WKH SUHVHQW UHVHDUFK ZDV WR HVWLPDWH WKH
IXQFWLRQVRI WZREDVLF FRPSDUWPHQWV RI LPPXQH V\VWHPRI VFKL]RSKUHQLF
SDWLHQWVEHIRUHDQGLQFRXUVHRI WUHDWPHQWZLWKRODQ]DSLQHXVLQJWKHEDVLF
SDUDPHWHUVRIFHOOXODUDQGKXPRUDOEUDQFKHVRILPPXQLW\
0HWKRGV 3DWLHQWV 1  ZLWK FKURQLF VFKL]RSKUHQLD '60,9 
ZHUH DVVHVVHG LQ FRXUVH RI ZHHNV RI PRQRWKHUDS\ ZLWK RODQ]DSLQH
3KDJRF\WLF DFWLYLW\ RI QHXWURSKLOV DQG PRQRF\WHV F\WRWR[RF DFWLYLW\ RI






LQ FRPSDULVRQZLWK FRQWUROV7KH ORZSHUFHQW RI SKDJRF\WRVLV LQ SDWLHQWV
ZDV DFFRPSDQLHG E\ WKH LQFUHDVH RI DELOLW\ RI HDFK FHOO WR DEVRUE ODWH[
SDUWLFOHVLHLQFUHDVHRISKDJRF\WLQJLQGH[7KHOHYHORIF\WRWR[LFDFWLYLW\
RIO\PSKRF\WHVQDWXUDONLOOHUV1.LQSDWLHQWVZDVVLJQL¿FDQWO\S






EDVHOLQH7KH OHYHO RI ,/ ,/ DQG LQWHUIHURQSURGXFWLRQ LQSDWLHQWV







&RQFOXVLRQV &KDQJHV LQ KXPRUDO EUDQFK RI LPPXQH V\VWHP LQFUHDVH
RI &,& DQG FDUGLROLSLQ DQWLERGLHV ZHUH SUREDEO\ DVVRFLDWHG ZLWK DFXWH
VWDJHRILOOQHVVDQGZHUHJUDGXDOO\GLVDSSHDUHGLQFRXUVHRIWKHWUHDWPHQW
&KDQJHV LQ D FHOOXODU EUDQFK RI LPPXQH V\VWHP SKDJRF\WLQJ DFWLYLW\ RI
QHXWKURSKLOV DQGPRQRF\WHV F\WRWR[LF DFWLYLW\RI O\PSKRF\WHV1. ,/









2EMHFWLYHV 7KH 5HPLVVLRQ LQ 6FKL]RSKUHQLD :RUNLQJ *URXS SURSRVHG














H[SHULHQFHG VXEVWDQWLDO LPSURYHPHQWV LQ VHOIUDWHG PHQWDO KHDOWK VWDWXV
6)ZLWKDVLJQL¿FDQWLPSURYHPHQWLQPHDQ'$,VFRUHDWHQGSRLQW3








)OHLVFKKDFNHU::(HUGHNHQV0.DUFKHU. HW DO7UHDWPHQW RI VFKL]R
SKUHQLDZLWKORQJDFWLQJLQMHFWDEOHULVSHULGRQHDPRQWKRSHQODEHOWULDO









2EMHFWLYHV:HFRPSDUHG WKH UHKRVSLWDOL]DWLRQ UDWHVRI VFKL]RSKUHQLFSD
WLHQWVZKRZHUHGLVFKDUJHGZKLOHWDNLQJW\SLFDODQWLSV\FKRWLFVFOR]DSLQH
RU ULVSHULGRQH 2WKHU SRVVLEOH SUHGLFWRUV RI UHKRVSLWDOL]DWLRQ ZHUH DOVR
DVVHVVHG
0HWKRGV7KHVWXG\PRQLWRUHGWKHUHKRVSLWDOL]DWLRQVWDWXVRIDOOWKHVFKL]R
SKUHQLF SDWLHQWVZKRZHUH GLVFKDUJHG EHWZHHQ -XO   DQG -XQ 
ZKLOHUHFHLYLQJW\SLFDODQWLSV\FKRWLFV1 FOR]DSLQH1 RU
ULVSHULGRQH1 5HDGPLVVLRQZHUH WUDFNHGRYHUD\HDUSHULRGXVLQJ
WKH .DSODQ0HLHU PHWKRG 5LVN IDFWRUV DVVRFLDWHG ZLWK UHKRVSLWDOL]DWLRQ
ZHUHH[DPLQHGE\WKH&R[SURSRUWLRQDOKD]DUGVUHJUHVVLRQPRGHO
5HVXOWV 1R VLJQL¿FDQW GLIIHUHQFHV LQ WKH UHKRVSLWDOL]DWLRQ UDWHV ZHUH
REVHUYHGDPRQJ WKHJURXSV LQ WKHVWRUQG\HDUDIWHUGLVFKDUJH7KHDJH
DW RQVHW RI VFKL]RSKUHQLD ZDV D ULVN IDFWRU IRU UHKRVSLWDOL]DWLRQ RYHU WKH
RQH\HDUDQGWZR\HDUSHULRGV
&RQFOXVLRQV7KLVVWXG\GHPRQVWUDWHGWKDWDW\SLFDODQWLSV\FKRWLFVGLGQRW
GHFUHDVH WKH UHKRVSLWDOL]DWLRQ UDWHV6RPHRWKHU IDFWRUV WKRXJKW WR LPSDFW
UHDGPLVVLRQQHHGWREHIXUWKHUDVVD\HG
5HIHUHQFHV
:HLGHQ3-2OIVRQ0 &RVW RI UHODSVH LQ VFKL]RSKUHQLD 6FKL]RSKU
%XOO



















$LPV 6FKL]RSKUHQLD LV RQH RI WKH PRVW VHYHUH SV\FKLDWULF GLVRUGHUV



































2EMHFWLYHV :KLOH DYROLWLRQ KDYH EHHQ UHJDUGHG DV FRUH SDUW RI VFKL]R
SKUHQLD VLQFH.UDHSHOLQ¶VHDUO\FRQFHSWXDOL]DWLRQ LWV UHODWLRQVKLS WRRWKHU
FOLQLFDO FKDUDFWHULVWLFV RI WKH GLVHDVH KDV QRW EHHQ V\VWHPDWLFDOO\ VWXGLHG
7KH SXUSRVH RI WKLV FURVVVHFWLRQDO VWXG\ZDV WRPHDVXUH WKH SUHYDOHQFH




VHFXWLYH VFKL]RSKUHQLF SDWLHQWV GLDJQRVHG DFFRUGLQJ WR '60,9 FULWHULD
























2EMHFWLYHV 7KHUH LV VRPH HYLGHQFH RI QHXURSV\FKRORJLFDO GH¿FLW DV LQ
SDWLHQWVZLWKVFKL]RSKUHQLDDVLQWKHLUUHODWLYHVWKDWPD\UHÀHFWWKHWUDLWVRI
QHXURSV\FKRORJLFDOHQGRSKHQRW\SHRIWKHGLVHDVH
0HWKRGV 1HXURSV\FKRORJLFDO FKDUDFWHULVWLFV RI VXEFRUWLFRIURQWDO EUDLQ
UHJLRQVIXQFWLRQZHUHLQYHVWLJDWHGLQVXEMHFWVSDWLHQWVZLWKVFKL]R









GHFUHDVH RI WKH OHYHO RI YROXQWDU\ UHJXODWLRQ RI WKH PQHVWLF DFWLYLW\ DQG




IURQWDO UHJLRQVRIERWKKHPLVSKHUHVEXWZHUHPRUH VHYHUH LQ WKH OHIWRQH
,PSDFW RI JHQHWLF IDFWRUV PHGLXP ±  KLJK ± PRUH +& LQ
YDULDELOLW\RIVWXG\QHXURSV\FKRORJLFDOFKDUDFWHULVWLFVZDVPRUHVLJQL¿FDQW
IRUWKHSDUDPHWHUVRIWKHOHIWKHPLVSKHUHSDUDPHWHUVRIPHPRU\DWWHQWLRQ
SUD[LV6LJQL¿FDQW VOLJKWFRUUHODWLRQVZLWK OLDELOLW\ WR VFKL]RSKUHQLDZHUH
HVWDEOLVKHGIRUPHPRU\DQGSUD[LVFKDUDFWHULVWLFVRIOHIW%&&/6DQG








)DUDRQH69 6HLGPDQ/-.UHPHQ:6 HW DO1HXURSV\FKRORJLFDO IXQF
WLRQLQJDPRQJWKHQRQSV\FKRWLFUHODWLYHVRIVFKL]RSKUHQLFSDWLHQWVD\HDU
IROORZXSVWXG\-$EQRUP3V\FKRO91SS
7RXORSRXORX70RUULV 5*5DEH+HVNHWK 6 HW DOO  6HOHFWLYLW\ RI











2EMHFWLYHV 7KH VLJQL¿FDQFH RI GLDJQRVLV LQ SV\FKLDWU\ GHSHQGV RQ LWV









DUH VWURQJO\ UHODWHG WR SURJQRVLV DQGRXWFRPH$ IXUWKHU¿QGLQJZDV WKDW
GLPHQVLRQDOUHSUHVHQWDWLRQVRISV\FKRSDWKRORJLFDOIHDWXUHVDUHFRQVLGHUDEOH
PRUHXVHIXOWKDQFDWHJRULFDOUHSUHVHQWDWLRQVDVSUHGLFWRUVRILOOQHVVFRXUVH
DQG WUHDWPHQW GHFLVLRQV:LWK UHVSHFW WR SXWDWLYH ELRFKHPLFDO SUHGLFWRUV
LWKDVEHHQVKRZQWKDWSODVPDOHYHOVRIWKHDPLQRDFLGJOXWDPDWHDUHFRU
UHODWHGZLWKWKHQHJDWLYHV\PSWRPGLPHQVLRQ
0HWKRGV ,Q RUGHU WR LPSURYH WKH WUHDWPHQW DOJRULWKP IRU SV\FKRVHV DOO
FRQVHFXWLYHO\DGPLWWHGSDWLHQWV WRDODUJHSV\FKLDWULFKRVSLWDOZHUHHYDOX








JOXWDPDWH DQG QHJDWLYH V\PSWRPV DQG DQ DVVRFLDWLRQZLWK SRRU UHVSRQVH































7KH SV\FKLDWULF SUR¿OH LQ 9&)6 FRXOG EH FKDUDFWHULVHG E\ DQ[LHWLHV
SDUDQRLGLGHDWLRQDIIHFWLYHLQVWDELOLW\FRPSXOVLYHULWXDOVKDOOXFLQDWRU\H[
SHULHQFHVODFNRIHPRWLRQDOUHFLSURFLW\IDLOLQJWRV\PEROL]HDQGLPSDLUHG
DEVWUDFW UHDVRQLQJ1RGH¿FLW V\PSWRPVZHUHSUHVHQW ,Q3:6SV\FKRWLF
V\PSWRPV KDG D VXEDFXWH RQVHW0RVW SURPLQHQWZHUHPRRG VZLQJV DQG
DQ[LHWLHV LQFUHDVH RI REVHVVLYH ULWXDOV FRQIXVLRQ SDUDQRLG LGHDWLRQ DQG
DXGLWRU\KDOOXFLQDWLRQV3V\FKRWLFH[DFHUEDWLRQVHPHUJHGLQWKHFRQWH[WRID
ORQJODVWLQJDIIHFWLYHLQVWDELOLW\










2EMHFWLYHV ,Q WKHSUHVHQW VWXG\ WKHSUHYDOHQFHRI F\FORLGSV\FKRVHV DQG




IRUPHG XVLQJ WKH &RPSUHKHQVLYH$VVHVVPHQW RI 6\PSWRPV DQG +LVWRU\










WKH %ULHI 3V\FKRWLF 'LVRUGHU IURP WKH '60,9 WKHVH GLDJQRVHV DUH E\





&RQFOXVLRQV ,I UHOHYDQW V\PSWRPV DQG VLJQV DUH UHFRJQL]HG F\FORLG
SV\FKRVHV DV ZHOO DV FDWDWRQLD FDQ EH GLDJQRVHG 7KH QRVRORJLFDO VWDWXV
RI F\FORLGSV\FKRVHV LVQRW LQIHULRU WR WKDWRI WKH IXQFWLRQDOSV\FKRVHV LQ




















QHJDWLYH FRUUHODWLRQ U   S   EHWZHHQ GLHWDU\ VXJDU FRQVXPS
WLRQDQGWKHVHYHULW\RIV\PSWRPVRIVFKL]RSKUHQLD$VXEVWDQWLDOO\KLJKHU


































2EMHFWLYHV (PRWLRQDO DQG GHFLVLRQDO GLVRUGHUV DUH LPSRUWDQW V\PSWRPV
LQVFKL]RSKUHQLD,QWKHUHFHQW\HDUVQHXURSV\FKRORJLFDOVWXGLHVKDYHVXJ
JHVWHG WKDW HPRWLRQDO SURFHVVHV FRXOG LQÀXHQFH FRJQLWLYH IXQFWLRQV 7KH
VRPDWLFPDUNHU K\SRWKHVLV 'DPDVLR HW DO DVVXPHV WKDW HPRWLRQDO SURF
HVVHV LQÀXHQFH GHFLVLRQPDNLQJ%UDLQLPDJLQJ H[SHULPHQWV VWXGLHV KDYH
SURYLGHGWKDWWKHVHFRJQLWLYHIXQFWLRQVKDYHHVVHQWLDOO\EHHQSURFHVVHGE\
IURQWDO FRUWH[ DP\JGDOD DQG FLQJXODU FRUWH[ ,Q VFKL]RSKUHQLD G\VIXQF
WLRQV RI VRPDWLF PDUNHU V\VWHP FRXOG H[SODLQ HPRWLRQDO DQG GHFLVLRQDO
DEQRUPDOLWLHV
0HWKRGV:HKDYHH[DPLQHG LQWHUIHUHQFHRIHPRWLRQDO LQIRUPDWLRQ WUHDW
PHQW RQ GHFLVLRQ PDNLQJ LQ VFKL]RSKUHQLF SDWLHQWV XVLQJ WKH HPRWLRQDO
VWURRS WHVW  VFKL]RSKUHQLF SDWLHQWV '60 ,9 FULWHULD DQG PDWFKHG
FRQWUROV KDYH EHHQ LQFOXGHG 7KH SXUSRVH RI HPRWLRQDO VWURRS WHVW LV WR
TXLFNO\ LGHQWLI\ WKHFRORXURIDFKDUDFWHU VHOHFWHGDPRQJ OLVWV V\PERO
SRVLWLYHDQGQHJDWLYHHPRWLRQDOZRUGVDQGQHXWUDOZRUGV7KHHPRWLRQDO






























PHWKRGRORJLHV ZHUH DSSOLHG LGHQWL¿FDWLRQ RI WKLREDUELWXULF DFLG UHDFWLYH
VXEVWDQFHV7%$56LQHU\WKURF\WHVLQGXFHGELROXPLQHVFHQFHRISODVPDRI
EORRGOHYHORISURWHLQDQWLR[LGDQWSURWHFWLRQRISODVPDRIEORRG
5HVXOWV ,Q SDWLHQWV LQFUHDVH RI WKH FRQWHQW RI 7%$56 LQ HU\WKURF\WHV
PFPROO ZDV REVHUYHG LQ FRQWURO JURXS PFPROO 7KH
LQGXFHGELROXPLQHVFHQFHLQFUHDVHGWLPHVPRUH7KHSURWHLQ¶VDQWLR[LGDQW
SURWHFWLRQRISODVPDRIEORRGZDVVLJQL¿FDQWO\GHFUHDVHG%\WKHGD\D
UHREVHUYDWLRQRI SDWLHQWV KDV EHHQ FDUULHGRXW&RQWHQW RIPDORQHGLDOGH
K\GHGHFUHDVHGXS WRPFPROO&RQGLWLRQRIDQWLR[LGDWLYHV\VWHPV
UHPDLQHGZLWKRXWFKDQJHV
&RQFOXVLRQV ,Q WUHDWPHQW RI SDWLHQWV ZLWK UHVLGXDO VFKL]RSKUHQLD ZLWK



















VXEVWDQWLDOO\ GHFUHDVHG DQG WKHQHHGV IRU SRO\SKDUPDF\KDV LQFUHDVHG ,Q
WKLV VWXG\ZHH[SORUHG WKHSDWWHUQVRISKDUPDFRWKHUDS\ LQ LQSDWLHQWZLWK
VFKL]RSKUHQLDE\FRPSDULQJSUHVFULEHGPHGLFDWLRQVIRUGLVFKDUJHGSDWLHQWV
LQZLWKWKRVHLQ







DQDO\]HG 3DWLHQWV SUHVFULEHGZLWKPRUH WKDQ WZR NLQGV RI DQWLSV\FKRWLFV
ZHUH  RI  LQ   DQGRI   EXW WKH GLIIHUHQFH LV
QRW VWDWLVWLFDOO\ VLJQL¿FDQW S  7KHPRVW FRPPRQ FRPELQDWLRQ RI
WZRDQWLSV\FKRWLFVZDVDW\SLFDOVDQGKDORSHULGRO3DWLHQWVSUHVFULEHGZLWK
DQWLSV\FKRWLFV DQGPRRGVWDELOL]HUVZHUH  LQDQG 
LQ  7KH GLIIHUHQFH LV VWDWLVWLFDOO\ VLJQL¿FDQW S  (VSHFLDOO\
FDUEDPD]HSLQH RFFXSLHGPRVW SDUW RIPRRG VWDELOL]HU XVH  LQ 
EXWGLYDOSURH[XVHZDVLQFUHDVHGPXFKLQ3DWLHQWVZKRZHUH
DGPLQLVWHUHGZLWK DQ[LRO\WLFV S RU DQWL3DUNLQVRQGUXJ S
ZHUHGHFUHDVHGLQFRPSDUHGZLWK
&RQFOXVLRQV 7KH XVH RI PRRG VWDELOL]HU ZDV LQFUHDVHG LQ LQSDWLHQWV























2EMHFWLYHV ,QÀDPPDWRU\PHFKDQLVPV VHHP LQYROYHG LQ SDWKRJHQHVLV RI
SV\FKRVLV GHWHFWDEOH LQ EORRG RU &6) VSDFHV ,QIHFWLRQZLWK QHXURWURSLF
YLUXVHV %'9 +69 &09 RU ZLWK WR[RSODVPD RU VWUHSWRFRFFL PD\ EH













5HVXOWV:H IRXQG LQDERXWRISDWLHQWVZLWK VFKL]RSKUHQLF VSHFWUXP
SV\FKRVHVDQGLQZLWKDIIHFWLYHSV\FKRVHVDOWHUDWLRQVRI&6)SURWHLQV







&RQFOXVLRQV ,Q DERXW  RI SDWLHQWV ZLWK DIIHFWLYH RU VFKL]RSKUHQLF
VSHFWUXPSV\FKRVHV LPPXQHDEQRUPDOLWLHVZDV IRXQGZLWKLQ&6)VSDFHV





























WKH FDWHJRU\ QDPH HJ ELUGV KDG EHHQ SUHVHQWHG7KH UHDFWLRQ WLPHV DV
ZHOO DV WKH QDWXUH RI WKH UHVSRQVHZHUH UHFRUGHG ([HPSODUVZHUH HLWKHU









DWHG ZLWK D OHVV SURPLQHQW IDOVHUHODWHGQHVV HIIHFW 9LVXDO PHPRU\ DQG
YHUEDOÀXHQF\ZHUHERWKDVVRFLDWHGZLWKJHQHUDOVSHHGRIUHVSRQGLQJ
&RQFOXVLRQV 6HPDQWLF DEQRUPDOLWLHV DUH DOUHDG\ SUHVHQW LQ ¿UVW HSLVRGH













2EMHFWLYHV 6SRQWDQHRXV EOLQN UDWH LV GHWHUPLQHG E\ WKH OHYHO RI FHQWUDO








0HWKRGV 6SRQWDQHRXV EOLQN UDWH GXULQJ D UHOD[HG UHVWLQJ FRQGLWLRQZDV







ORJLFDOPHPRU\U S YHUEDOÀXHQF\U S 
:LVFRQVLQ&DUG6RUW7HVW:&67SUHVHUYDWLYHHUURUU S 
DQG:&67FDWHJRULHV FRPSOHWHG U   S &KDQJH LQ EOLQN
UDWHZDVDOVRUHODWHGWRG\VNLQHVLDU S DQGH[WUDS\UDPLGDO
















2EMHFWLYHV 7KH UHODWLRQVKLS EHWZHHQ GXUDWLRQ RI XQWUHDWHG SV\FKRVLV
'83DQGFOLQLFDODQGFRJQLWLYHRXWFRPHRIVFKL]RSKUHQLDLVFRQWURYHUVLDO
2QH RI WKH SRWHQWLDO GLI¿FXOWLHV LV WKH ODFN RI ORQJLWXGLQDO ¿UVW HSLVRGH
VWXG\ZLWKORQJHUIROORZXSSHULRGVFDSDEOHRIFDSWXULQJWKHFKDQJHVRYHU






0HWKRGV &OLQLFDO SUR¿OH DQG FRJQLWLYH LPSDLUPHQW DQG LWV UHODWLRQVKLS
ZLWK WKH '83 PHDVXUHG ZLWK WKH ,5$26 ZDV H[DPLQHG RYHU D \HDU
SHULRG LQ  SDWLHQWV ZLWK ¿UVW HSLVRGH VFKL]RSKUHQLD VFKL]RSKUHQLIRUP
SV\FKRVLVDQGVFKL]RDIIHFWLYHGLVRUGHU3DWLHQWVZHUHDVVHVVHGIRUSRVLWLYH
DQG QHJDWLYH V\PSWRPV DQG FRJQLWLYH IXQFWLRQV ORQJLWXGLQDOO\ &RJQLWLYH
GRPDLQVDVVHVVHGLQFOXGHYLVXDOPHPRU\YHUEDOPHPRU\VHPDQWLFÀXHQF\
:LVFRQVLQ&DUG6RUWLQJDQGGLJLWVVSDQ
5HVXOWV 5HSHDWHG PHDVXUH $129$V UHYHDOHG WKDW SDWLHQWV ZLWK ORQJHU





































5HVXOWV $ PRGHO FRQVLVWLQJ RI  FRQVWUXFWV ZDV IRXQG WR EH WKH PRVW
VXLWDEOHIRUH[SODLQLQJWKHYLROHQWEHKDYLRURIVFKL]RSKUHQLFSDWLHQWV7KH




























XULF DFLG VHUXP DOEXPLQ SURWKURPELQ WLPH IDVWLQJ EORRG VXJDU KRXUV







5HVXOWV *URXS ,, VKRZV VWDWLVWLFDOO\ VLJQL¿FDQW KLJKHU UDWH RI GLDEHWHV






















2EMHFWLYHV 7KLV VWXG\ DLPHG WR H[DPLQH SHUIRUPDQFH LPSURYHPHQW RI







SV\FKRSDWKRORJ\ ZHUH H[DPLQHG E\ QHXURSV\FKRORJLFDO WHVW EDWWHU\ DQG
SV\FKRSDWKRORJLFDOVFDOHV



















LQ VFKL]RSKUHQLF SDWLHQWV D UHYLHZ$FWD 3V\FKLDWULFD 6FDQGLQDYLFD 



























WKH SURPRWHU UHJLRQ RI GRSDPLQH' UHFHSWRU JHQH '5'ZDVPHWK\O
DWHG XVLQJ WKH PHWK\ODWLRQVHQVLWLYH UHVWULFWLRQ HQ]\PH +DS ,, DQG WKH
PHWK\ODWLRQLQVHQVLWLYHHQ]\PH0VS,$IWHUHQ]\PHGLJHVWLRQSRO\PHUDVH
FKDLQ UHDFWLRQ 3&5 ZDV SHUIRUPHG DQG WKH VL]H RI 3&5 SURGXFWV ZDV
GHWHUPLQHGXVLQJSRO\DFU\ODPLGHJHOHOHFWURSKRUHVLV
5HVXOWV ,Q IRXU RXW RI ¿YH SDLUV WKH OHYHO RIPHWK\ODWLRQ RI WKH'5'
SURPRWHUUHJLRQZDVKLJKHULQWKHDIIHFWHGWZLQWKDQWKHQRUPDOWZLQ,QRQH
SDLUWKHOHYHOZDVQHDUO\HTXDOLQERWK
&RQFOXVLRQV ,Q WKLV VWXG\ ZH IRXQG VRPH HYLGHQFH IRU WKH UHODWLRQVKLS
EHWZHHQSKHQRW\SLFGLIIHUHQFHLQPRQR]\JRWLFWZLQVGLVFRUGDQWIRUVFKL]R
SKUHQLD DQG'1$PHWK\ODWLRQ7KHUHIRUH LQ IXWXUH VWXGLHVZHZLOO WU\ WR
FROOHFWPRUHVXEMHFWVDQGXVHRWKHUHQ]\PHV
5HIHUHQFHV
7VXMLWD 7 1LLNDZD 1 <DPDVKLWD + ,PDPXUD$ +DPDGD$ 1DNDQH<









2EMHFWLYHV 7R DSSO\ H[SHUWSURSRVHG UHPLVVLRQ FULWHULD WR GDWD IURP D
ORQJDFWLQJ ULVSHULGRQH VWXG\+HUHZH SUHVHQW WKH HIIHFWV RI5LVSHULGRQH
ORQJDFWLQJ LQMHFWDEOH 5/$, XSRQ WKH DFKLHYHPHQW DQGPDLQWHQDQFH RI
UHPLVVLRQDVGHWHUPLQHGE\WKHVHYHULW\RI3$166VFRUHV
0HWKRGV5HPLVVLRQZDV GH¿QHG DV D VFRUH RI  PLOG RU OHVV FRQFXU
UHQWO\RQHDFKRIWKHIROORZLQJLWHPVRQWKH3RVLWLYHDQG1HJDWLYH6\QGURPH
6FDOHGHOXVLRQV3FRQFHSWXDOGLVRUJDQL]DWLRQ3KDOOXFLQDWRU\EHKDY
LRU 3 XQXVXDO WKRXJKW FRQWHQW * PDQQHULVPV DQG SRVWXULQJ *
EOXQWHGDIIHFW 1SDVVLYHDSDWKHWLF VRFLDOZLWKGUDZDO 1DQG ODFNRI
VSRQWDQHLW\DQGFRQYHUVDWLRQÀRZ1
5HVXOWV7KHDQDO\VLVLQFOXGHGSDWLHQWVPDOHZKRZHUHFRQVLG
HUHG WR EH LQ UHPLVVLRQ DW EDVHOLQH 5HPLWWHUV DQG  PDOH QRW
LQ UHPLVVLRQ 1RQUHPLWWHUV 3UHYLRXV PHGLFDWLRQV LQ ERWK JURXSV ZHUH
PDLQO\DW\SLFDODQWLSV\FKRWLFV DQGGHSRWFRQYHQWLRQDOQHXUROHSWLFV
7KHPDLQUHDVRQVIRUFKDQJLQJPHGLFDWLRQLQ5HPLWWHUVZHUHQRQ
FRPSOLDQFH  VLGH HIIHFWV  DQG LQVXI¿FLHQW HI¿FDF\ 
FRPSDUHGZLWKQRQFRPSOLDQFHLQVXI¿FLHQWHI¿FDF\DQGVLGH
HIIHFWVIRU1RQUHPLWWHUV7KHPHDQWRWDO3$166VFRUHZDVUHGXFHG
IURP EDVHOLQH WR HQGSRLQW LQ ERWK JURXSV EXW WKH UHGXFWLRQ ZDV JUHDWHU







DQG UHPDLQ LQ UHPLVVLRQ 5HPLWWHUV VFRUH KLJKHU LQ 4XDOLW\ RI OLIH DQG
IXQFWLRQLQJ
















WR GHYHORS D JURXS HGXFDWLRQ SURJUDP IRU SDUHQWV RI \RXWK ZLWK PDMRU
SV\FKLDWULFLOOQHVVDGPLWWHGWRWKHDGROHVFHQWSV\FKRUHKDELOLWDWLRQLQSDWLHQW
SURJUDPDW:KLWE\0HQWDO+HDOWK&HQWHU&DQDGD'DWDZDVFROOHFWHGIURP






WKDW WKH\EHORQJ±³WHOOXV\RXUVWRU\´ EGHDOZLWKSDUHQWV¶JXLOW ³LW LV
QRERGLHV IDXOW´ FJULHISURFHVVLQJ WRKHOS DFFHSW WKH LOO FKLOG  GSDU
HQWFKLOGSDUWQHUVKLS±³SDUHQWDVWKHFRDFK´HIRFXVRQVXEVWDQFHDEXVH
±³SURWHFWWKHYXOQHUDEOHEUDLQ´IWUDQVIHUULQJJURXSOHDUQLQJWRLQGLYLGXDO
SDUHQWFKLOG QHHGV ± ³ZKDW GRHV LWPHDQ WRPH´ J HPSRZHULQJSDUHQWV
WR QDYLJDWH WKH KHDOWK FDUH HGXFDWLRQ DQG OHJDO V\VWHPV7KLV SDSHUZLOO
GHVFULEH WKHVH IHDWXUHV LQ GHWDLO GLVFXVV LPSOLFDWLRQV RI HDFK IHDWXUH DQG
SURYLGHH[DPSOHVRIVWUDWHJLHVWRFUHDWHDQHIIHFWLYHOHDUQLQJHQYLURQPHQW
IRUSDUHQWV
&RQFOXVLRQV 6HYHQ NH\ IHDWXUHV ZHUH GHVFULEHG WKDW FDQ FRQWULEXWH WR

















FHUHEUDO DEQRUPDOLWLHV 6WDDO  FRJQLWLYH LPSDLUPHQW .HHIH 
DQGREVWHWULFDOWUDXPD
7KH LQFUHDVHRI IDFLDO H[SUHVVLRQ LPPRELOLW\ FRQFRPLWDQWO\ZLWK WKHGLV







$OO SDWLHQWV SUHVHQWHG LPPRELOLW\ RI IDFLDO H[SUHVVLRQ DQQR\LQJ DV ZHOO
SDWLHQWVDVWKHLUIDPLOLHVDSSUHFLDWHGDVDPDUNHURIORZTXDOLW\RIOLIHEXW
QRWVLJQL¿FDQWDWVFRULQJRQVFDOHVIRU(36%$56$,06
:H DVVRFLDWHG DQWLSV\FKRWLF PHGLFDWLRQ WR D VSHFL¿F NLQHWRWKHUDSHXWLFDO





:H HVWLPDWHG WKDW WKH DVVRFLDWLRQ RI VSHFL¿F NLQHWRWKHUDSHXWLFDOPHWKRGV







2EMHFWLYHV2XUJRDO LV WRGHYHORSQHZ WRROV IRU WKHGLDJQRVLVRIVFKL]R
SKUHQLD9LHZLQJVFKL]RSKUHQLDDVDQ LQWHJUDWLRQSUREOHPZHXVH9LUWXDO










5HVXOWV8SRQFRPSOHWLRQ HDFK VXEMHFWZDV FKDUDFWHUL]HGE\ DYHFWRURI
PHDVXUHPHQWVPHDVXULQJ YDULRXV HUURUV VFRUHV 5HVSRQVH7LPH 57





LQJSDWLHQWV¶GHFUHDVHGDELOLW\ WR LJQRUH LUUHOHYDQW LQIRUPDWLRQ LQFUHDVHG































FDO GLVHDVHV ,QVXOLQ 'HSHQGHQW 'LDEHWHV 0HOOLWXV ,''0 DXWRLPPXQH
7K\URLGLWLV3VRULDVLV9XOJDULVZKRFRPHVIURPDIDPLO\ZLWKDXWRLPPXQH
GLVHDVHV ZLWK FKDUDFWHULVWLF RUJDQ VSHFL¿F DXWRLPPXQLW\ 5KHXPDWRLG
$UWKULWLV %HFDXVH LPPXQRORJLFDO SDUDPHWHUV KDYH EHHQ SURSRVHG WR EH
LQYROYHGLQVFKL]RSKUHQLFSURFHVVZHVHDUFKIRUDQWLQHXURQDODQWLERGLHVLQ
WKHVFKL]RSKUHQLFSDWLHQWDQGRWKHUIDPLO\PHPEHUV
0HWKRGV :HVWHUQ%ORW DQDO\VLV RI VHUXP RI WKH VFKL]RSKUHQLF SDWLHQW
DQGRWKHUIDPLO\PHPEHUVZLWK/$1KXPDQ1HXUREODVWRPDFHOOOLQHDV
VRXUFHRIDQWLJHQ


















JHVWHG WREH UHODWHG WR VXFKSUREOHP+RZHYHU WKH UHODWLRQVKLSVEHWZHHQ
VRFLDO DGMXVWPHQWQHJDWLYH V\QGURPH DQGSHUVRQDOLW\ IDFWRUV VWLOO UHPDLQ






%HFN 'HSUHVVLRQ ,QYHQWRU\ %', %HFN HW DO  7HPSHUDPHQW DQG
&KDUDFWHU ,QYHQWRU\ 7&, &ORQLQJHU  DQG 6RFLDO$GDSWDWLRQ 6HOI
















'LVFXVVLRQ 3UHYLRXV UHVHDUFK LQ VWXG\LQJ VRFLDO DGMXVWPHQW SUREOHPV RI
VFKL]RSKUHQLF SDWLHQWVZHUHPDLQO\ IRFXVHG RQ WKH DVSHFWV RI QRQYHUEDO


















































GHYHORSPHQWDO UHÀH[HV DQG  DJHVH[PDWFKHG KHDOWK\ VXEMHFWV ZLWKRXW













&RQFOXVLRQV 6FKL]RSKUHQLD SDWLHQWVZLWK GHYHORSPHQWDO UHÀH[HV KDG WKH
ORZHVW3&U7RWDO$73 UDWLR LQEDVDO JDQJOLD LQGLFDWLQJPRUH VHYHUHPHWD

























LQWR WKRVH ZLWK LPPXQH DFWLYDWLRQ DV GH¿QHG E\ KDYLQJ V,/ UHFHSWRU
OHYHOVWZRVWDQGDUGGHYLDWLRQVEH\RQGWKHPHDQ































2EMHFWLYHV 0DQ\ VWXGLHV VKRZHG D VHDVRQRIELUWKHIIHFW RQ WKH ULVN RI
DGXOW VFKL]RSKUHQLD ZLWK D SHDN RI ELUWKV LQ ZLQWHUVSULQJ PRQWKV 7KH
LPSRUWDQFH RI2EVWHWULF &RPSOLFDWLRQV 2&V VXFK DV IHWDO DQG QHRQDWDO
LQMXU\LQWKHHWLRORJ\RIVFKL]RSKUHQLDKDVEHHQH[DPLQHGDVZHOOLQDODUJH

























7RUUH\ () 0XOOHU - 5DZOLQJV 5 HW DO  6HDVRQDOLW\ RI ELUWKV LQ
VFKL]RSKUHQLDDQGELSRODUGLVRUGHUDUHYLHZRIWKHOLWHUDWXUH6FKL]RSKUHQLD
5HVHDUFK













HQODUJHPHQW DQG FRUWLFDO JUH\ PDWWHU UHGXFWLRQ KDYH EHHQ GHPRQVWUDWHG




























&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW ODWHUDO YHQWULFXODU HQODUJHPHQW






















0HWKRGV  VFKL]RSKUHQLD DIIHFWHG VXEMHFWVZLWK SRVLWLYH IDPLO\ KLVWRU\
RI VFKL]RSKUHQLD DQG  KHDOWK\ YROXQWHHUV ZHUH LQYROYHG LQ WKLV VWXG\
7KH DIIHFWHG VXEMHFWVZHUHPXOWLSOHHSLVRGH VFKL]RSKUHQLF SDWLHQWV LQ WKH

















&RQFOXVLRQV 7KH UHVXOWV RI WKLV VWXG\ VXJJHVW WKDW WKH SDWKRJHQHVLV RI
VFKL]RSKUHQLDLVDVVRFLDWHGZLWKDOWHUDWLRQVLQDFWLYLWLHVRIFRPSOHPHQWFODV







*LODG , HW DO  (YDOXDWLRQ RI WKH QHXURWR[LF DFWLYLW\ RI W\SLFDO DQG














2EMHFWLYHV 7KH HWLRORJ\ RI VFKL]RSKUHQLD LV VWLOO FRQWUDYHUVLDO GHVSLWH
DOOHIIRUWV*HQHWLFPDWWHUVKRZHYHUDUHVXSSRVHG WREH WDNHQSDUW LQ WKH
FDXVHV 7KH QHXUHJOLQ JHQH LV VWURQJO\ FDQGLGDWH JHQH ,Q  +DNDN
HW DO UHSRUWHG  P\HOLQDWLRQUHODWHG JHQHV LQFOXGLQJ (UE% JHQH KDYH
DOWHUHGH[SUHVVLRQOHYHOVLQSRVWPRUWHPGRUVRODWHUDOSUHIURQWDOFRUWH[RIWKH





7KH(UE%JHQH SOD\V WKH UHFHSWRU IRU1HXUHJOLQ DQG KDV  IXQFWLRQDO
613V RQ WKH JHQH'1$ VDPSOHVZHUH H[WUDFWHG IURPSDWLHQWV GLDJQRVHG
DVVFKL]RSKUHQLDDFFRUGLQJWR'60,975FULWHULD'HWHUPLQHG613VZHUH









2EMHFWLYHV7KLV VWXG\ DLPHG WR SURYLGH HYLGHQFH RQ WKH EHQH¿FDO HIIHFW
RI DFHW\OFKROLQHVWHUDVH LQKLELWRUV IRU WKH PDQDJHPHQW RI FRJQLWLYH G\V
IXQFWLRQV LQ VFKL]RSKUHQLD 7KH HIIHFWV RI  ZHHN GRQHSH]LO DGMXQFWLYH
WUHDWPHQWVRQWKHFRJQLWLYHLPSDLUPHQWVZHUHLQYHVWLJDWHGLQSDWLHQWVZLWK
FKURQLFVFKL]RSKUHQLD
0HWKRGV 7ZHQW\IRXU VXEMHFWV VWDELOL]HG RQ KDORSHULGRO PJGD\
WUHDWPHQW IRU DPLQLPXPSHULRGRIPRQWKVZHUHHQWHUHG LQWRDGRXEOH






5HVXOWV 'RQHSH]LO WUHDWPHQW UHVXOWHG LQ QR VLJQL¿FDQW LPSURYHPHQW LQ
%3566XEMHFWVVKRZHGVOLJKWLPSURYHPHQWVLQVHYHUDOFRJQLWLYHPHDVXUHV
$VLJQL¿FDQWLPSURYHPHQWZDVQRWHGLQ006(VFRUHVS'LIIHUHQFH
LQ WKHPHDQVFRUHRI006(EHWZHHQ WKHGRQHSH]LO DQGSODFHERJURXSDW
WKH HQGSRLQW RI VWXG\ DSSURDFKHG VLJQL¿FDQFH S  $PRQJ VHYHUDO
GRPDLQVRIFRJQLWLYHIXQFWLRQVVWURQJLPSURYHPHQWVZHUHIRXQGLQYHUEDO









7XJDO 2  $ GRXEOHEOLQG SODFHER FRQWUROOHG FURVVRYHU WULDO RI
DGMXQFWLYHGRQHSH]LOIRUFRJQLWLYHLPSDLUPHQWLQVFKL]RSKUHQLD,QW-1HX
URSV\FKRSKDUPDFRO






















GHWHUPLQH WKHGLIIHUHQFHVEHWZHHQ WZRJURXSV7KH VLJQL¿FDQFHRIGLIIHU
HQFHVEHWZHHQJURXSVZHUHJUDGHGLQWRWKUHHGLIIHUHQFHOHYHORIHYLGHQFH




OLVP LQ OHIW SRVWHULRU FHUHEHOOXP OHIW IXVVLIRUPLV J\UXV %$  OHIW LQI
IURQWDO J\UXV %$  DQG OHIW SRVWFHQWUDO J\UXV SHDNKHLJKW FRUUHFWHG






XVLQJ K\SRWKHVHV GULYHQ XQFRUUHFWHG 3YDOXH   GHWHFWHG LQFUHDVLQJ
)'*XSWDNH LQSDWLHQWVJURXS LQ WKH OHIW LQI IURQWDOJ %$ OHIW
IXVVLIRUPLVJ%$OHIWDQGULJKWPLGGOHWHPSRUDOJ%$OHIWSRVW
FHQWUDOJ%$DQGSRQV
&RQFOXVLRQV &HUHEHOODU K\SHUPHWDEROLVP LQ DQWLSV\FKRWLF QDLYH SDWLHQWV







































5HVXOWV$IWHU DGMXVWHG IRU VH[%0, DQG DJH WKHPHDQ ERQH GHQVLW\ RI






























<RXWK +HDOWK 7KLUWHHQ VXEMHFWV ZHUH RQ DULSLSUD]ROH  TXHWLDSLQH 
RODQ]DSLQHULVSHULGRQHDQGDPLVXOSULGH$QWLSV\FKRWLFPHGLFDWLRQZDV
GLVSHQVHGLQSLOOERWWOHV¿WWHGZLWKDQHOHFWURQLFSLOOFDS0HGLFDWLRQ(YHQW
0RQLWRULQJ 6\VWHP 0(06$DUGH[ /WG 'RZQORDGLQJ RI WKH PRQLWRUV
WRRNSODFHDWDQRXWSDWLHQWRUGRPLFLOLDU\YLVLW
:H LQYHVWLJDWHG ¶7DNLQJ &RPSOLDQFH¶ WKH SHUFHQWDJH RI SUHVFULEHG









DFWLRQ$YDOXH LQGLFDWHVDOO LQWHUGRVH LQWHUYDOVDUH VKRUWHU WKDQ WKH
HVWLPDWHGGXUDWLRQRIGUXJDFWLRQ3DUWLFLSDQWVZKRH[SHULHQFHGXQFKDQJHG
RU LQFUHDVHG SV\FKRWLF V\PSWRPV ZHUH FRPSDUHG ZLWK SDUWLFLSDQWV ZKR
LPSURYHGGXULQJWKHPRQLWRULQJSHULRG
5HVXOWV7KHLPSURYHGZHUHVLJQL¿FDQWO\PRUHDGKHUHQWµ7DNLQJ&RPSOL
DQFH¶ YV S   µ&RUUHFW'RVLQJ¶ YV S  
µ7KHUDSHXWLF&RYHUDJHYVS 
7\SH RI DW\SLFDO DQWLSV\FKRWLF KDG QR HIIHFW RQ µ7DNLQJ &RPSOLDQFH¶ RU
µ&RUUHFW 'RVLQJ¶ +RZHYHU 7KHUDSHXWLF &RYHUDJH ZDV VLJQL¿FDQWO\ LQ
FUHDVHGLQSDUWLFLSDQWVWDNLQJDULSLSUD]ROH



















7R REMHFWLYHO\PHDVXUH WKHVH YDULDEOHV ZH XWLOLVHG WKH0HGLFDWLRQ (YHQW














VFULEHG DQWLSV\FKRWLFDGMXQFWLYH PHGLFDWLRQ ZDV PDLQWDLQLQJ WKHUDSHXWLF
DFWLRQEDVHGRQWKHHVWLPDWHGGXUDWLRQRIWKHGUXJ¶VWKHUDSHXWLFDFWLRQDQG
WKHPHDVXUHGLQWHUGRVHLQWHUYDOV
5HVXOWV 1R VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ DQWLSV\FKRWLF DQG YLWDPLQ
SODFHER ZHUH IRXQG µ7DNLQJ &RPSOLDQFH¶   YV  µ&RUUHFW
'RVLQJ¶YVDQGµ7KHUDSHXWLF&RYHUDJH¶YV0HDQ
QXPEHURIGD\VPRQLWRUHGGD\VYVGD\V
&RQFOXVLRQV:H IRXQGFRPSOLDQFH IRU WKH VWXG\GUXJZDV VLPLODU WR WKH
DQWLSV\FKRWLF7KLVQRYHOLQIRUPDWLRQSURYLGHVHYLGHQFHWKDWVLPLODUDGKHU
HQFHUDWHVFDQEHH[SHFWHGLQDGMXQFWLYHDQWLSV\FKRWLFWULDOV

























WKH SDUDQRLG VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG SDWLHQWV UHVSHFWLYHO\7KLV





0HWKRGV :H FRQGXFWHG D ¿YH \HDUV IROORZXS FRUUHODWLRQ EHWZHHQ WKH
GLDJQRVLVRI VFKL]RSKUHQLD VXEW\SHV DQG WKH FRQFXUUHQW VWUHHWGUXJXVH LQ
GRXEOHGLDJQRVHGDQWLSV\FKRWLFWUHDWHGPHQDQGZRPHQLQSDWLHQWV7KH
'60,9GLDJQRVLVRIVFKL]RSKUHQLDVXEW\SHVZDVUHFRUGHGDWWKHGLVFKDUJH






























VHURWRQHUJLF +7$ UHFHSWRUV LV DVVRFLDWHG ZLWK K\SHUSURODFWLQHPLD LQ
DGXOWV 6LQFH WKH UHOHDVH RI SURODFWLQ 35/ LV WRQLFDOO\ LQKLELWHG E\ WKH
















DQGZLWK QR GHSRW DQWLSV\FKRWLFV IRU DW OHDVW PRQWKV7KH GLDJQRVLV RI
VFKL]RSKUHQLDDQGRILWVVXEW\SHVZDVPDGHEOLQGO\WR35/VHUXPOHYHOV
5HVXOWV 7KH GRSDPLQH ' UHFHSWRU EORFNLQJ E\ WKH SRWHQW DQWDJRQLVP
RI 5LVSHULGRQH GHWHUPLQHG WKH VXUJH RI SURODFWLQ OHYHOV &RQWUDU\ WR WKH
XQPHGLFDWHGSDWLHQWVWKH³ORZSURODFWLQKLJKGRSDPLQH´SDUDQRLG5LVSHUL
GRQHWUHDWHGSDWLHQWVVKRZHGDVLJQL¿FDQWKLJKHUSURODFWLQOHYHOVFRPSDUHG
ZLWK WKH ³KLJK SURODFWLQORZ GRSDPLQH´ VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG
SDWLHQWV
&RQFOXVLRQV 7KHVH UHVXOWV IXUWKHU VXSSRUW RXU K\SRWKHVLV WKDW SDUDQRLG
DQG WKH ³QRQSDUDQRLG´ IRUPV RI VFKL]RSKUHQLD KDYH GLIIHUHQW SDWWHUQV
RI GRSDPLQHUJLF DFWLYLW\:H VXJJHVW WKDW WKLV GRSDPLQHUJLF SDWWHUQ LV D
GLIIHUHQWLDWLQJPDUNHU RI VFKL]RSKUHQLD SDWLHQWV WKDW DUH SURQH WR GHYHORS















VFKL]RSKUHQLFSDWLHQWV LQ WKH\HDUVDQG LQ3UDJXH
&5
























































&RQFOXVLRQV 7KH SUHVHQW VWXG\ VKRZV DEVHQFH RI JHQGHU GLIIHUHQFHV LQ
GLIIHUHQW:0PRGDOLWLHVLQKHDOWK\VXEMHFWVRUSDWLHQWVZLWKVFKL]RSKUHQLD
+RZHYHU LQ D WHVWPHDVXULQJ (& IHPDOHV SDWLHQWV WHQG WR SHUIRUPZRUVH
WKDQPDOHV7KHVH UHVXOWV SRLQW WR SUHVHQFHRI VSHFL¿FJHQGHU GLIIHUHQFHV








2EMHFWLYHV WKH DLP RI WKH VWXG\ ZDV WR LQYHVWLJDWH DWWHQWLRQ LQ FKURQLF
VFKL]RSKUHQLD:HXVHGWKHVWXG\RI&19EUDLQSRWHQWLDODQGSV\FKRORJLFDO
WHVWV
0HWKRGV  SDWLHQWV ZLWK FKURQLF VFKL]RSKUHQLD  LQSDWLHQWV DQG 
RXWSDWLHQWV DQG DJHPDWFKHG KHDOWK\ FRQWUROV Q  ZHUH WHVWHG XVLQJ
DQ DXGLR IRUHZDUQHG UHDFWLRQ WLPH WDVN *R1R*RSDUDGLJP'XULQJ WKH
66LQWHUVWLPXOXVLQWHUYDOWKH&19SRWHQWLDOZDVUHFRUGHGDVDSDUDPHWHU
RIH[SHFWDQF\ZKLFKFRXOGEHUHIHUUHGDVDSDUDPHWHURIDWWHQWLRQIRFXVLQJ





5HVXOWV 7KH DPSOLWXGH RI WKH ODWH &19 SRWHQWLDO ZDV  6' 
PLFURYROWV LQ SDWLHQWV DQG  6' PLFURYROWV LQ KHDOWK\ VXEMHFWV
S 3,19RFFXUUHG LQ RI WKH SDWLHQWV RI RXWSDWLHQWV DQG
 RI LQSDWLHQWV DQG LQ  KHDOWK\ FRQWUROV DQGZDV SUHVHQW GXU












LQ VFKL]RSKUHQLF SDWLHQWV DQG KHDOWK\ FRQWUROV 6FKL]RSKUHQLD 5HVHDUFK

9DQGHQ%RVFK5-&RQWLQJHQWQHJDWLYHYDULDWLRQ&RPSRQHQWVDQG











KDYH PDUNHG KRPRF\VWHLQHUHGXFLQJ SURSHUWLHV ZH SODQQHG D VWXG\ RI






D GD\ FRQWDLQLQJ PJ IROLF DFLG PJ S\ULGR[LQH DQG PLOLJ %
$IWHUPRQWKVSDWLHQWVZHUHFURVVHGRYHUIURPDFWLYHYLWDPLQWRSODFHER
RUYLFHYHUVD)RUW\WZRSDWLHQWVFRPSOHWHGWKLVVWXG\&OLQLFDOUDWLQJVZHUH




ZD\ LQWHUDFWLRQ )   GI   S ZLWK D VLJQL¿FDQWPDLQ
HIIHFW RI PRQWK WUHDWPHQW )  GI  S DQGPRQWK
WUHDWPHQW) GI S&RQWUDVWDQDO\VLVZLWKSODQQHG
FRPSDULVRQ EHWZHHQ WKH WZR SHULRGV RI WUHDWPHQW VKRZHG D VLJQL¿FDQW




























2EMHFWLYHV 6FKL]RSKUHQLD SDWLHQWV UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLFV LQ
FOXGLQJULVSHULGRQHKDYHVKRZQLPSURYHGFRJQLWLRQDQGLQGHSHQGHQWUROH
IXQFWLRQLQJ7KHVH RXWFRPHVPD\ QRW EH UHODWHG7KLV SUHOLPLQDU\ UHSRUW
H[DPLQHVLQWHULPFRJQLWLYHDQGIXQFWLRQLQJUHVXOWVIURPDPRQWKVWXG\
RIORQJDFWLQJULVSHULGRQH
0HWKRGV&OLQLFDOO\ VWDEOH DGXOWV 1 ZLWK VFKL]RSKUHQLD UHFHLYHG D
FRPSXWHUDGPLQLVWHUHG FRJQLWLYH DVVHVVPHQW RI DWWHQWLRQ PRWRU YHUEDO
YLVXDOOHDUQLQJZRUNLQJPHPRU\DQGH[HFXWLYHIXQFWLRQLQJDQGPHDVXUHV





7KHVH LQFOXGHG DWWHQWLRQ ÀDQNHU FRUUHFW LQFRQJUXHQW PHDQ FKDQJH 
3 YHUEDOOHDUQLQJZRUGOLVWPHPRU\WRWDOOHDUQLQJPHDQFKDQJH 























%DFNJURXQG7KH XVH DQG SUHGLFWRUV RI SRO\SKDUPDF\ZHUH H[DPLQHG LQ
SDWLHQWV ZLWK DQ DFXWH H[DFHUEDWLRQ RI VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH
GLVRUGHUUDQGRPL]HGWRULVSHULGRQHQ TXHWLDSLQHQ RUSODFHER
Q 
0HWKRGV ,Q D GRXEOHEOLQG VWXG\ D GD\PRQRWKHUDS\ SKDVHZDV IRO




5HVXOWV0HDQ6' GRVHV DWPRQRWKHUDS\ HQGSRLQWZHUH PJGD\
RIULVSHULGRQHDQGPJGD\RITXHWLDSLQH'XULQJWKHDGGLWLYH










&RQFOXVLRQV 4XHWLDSLQH ZDV DVVRFLDWHG ZLWK D VLJQL¿FDQWO\ KLJKHU UDWH



















SV\FKRPRWRU IXQFWLRQV LQ VFKL]RSKUHQLF SDWLHQWV XQGHU URXWLQH WUHDWPHQW
FRQGLWLRQV
0HWKRGV 6FKL]RSKUHQLF LQSDWLHQWV Q ZHUH WHVWHG XQGHU VWHDG\ VWDWH






5HVXOWV %HIRUH GLVFKDUJH WR RXWSDWLHQW WUHDWPHQW DERXW  RI VFKL]R
SKUHQLF SDWLHQWVPXVW EH FRQVLGHUHG DV VHYHUHO\ LPSDLUHGZLWK UHVSHFW WR
SV\FKRPRWRUIXQFWLRQVUHODWHGWRFDUGULYLQJDELOLWLHV7KHUHZDVDQDGYDQ
WDJHRISDWLHQWVWUHDWHGZLWKDPLVXOSULGHZKHQFRPSDUHGZLWKÀXSHQWL[RORU
KDORSHULGRO'LIIHUHQFHVZHUHPRVW SURQRXQFHG LQ VHOHFWLYH DWWHQWLRQ DQG
YLJLODQFHDQGFRXOGDOVREHVKRZQLQWKHGULYLQJVLPXODWRUSHUIRUPDQFH






































6&+ SDUDQRLG W\SH '60,<  EHIRUH DQG GXULQJ WKHLU WUHDWPHQW
ZLWK RODQ]DSLQH DQG LQ FRQWURO JURXS  SHUVRQV 6WDWLVWLFDO DQDO\VLV







JURXSZLWK LQLWLDO*6/3 OHYHOKLJKHU WKDQ WKHPHGLDQYDOXH WKH UHVXOWLQJ
GHFUHDVHRI*6/3 OHYHOV DIWHU DFXWH DQGPDLQWHQDQFHSKDVHV RI WKH WUHDW
































































0HWKRGV:H DSSOLHG8+5 FULWHULD E\<XQJ HW DO ZKLFK FODVVLI\
WKUHH JURXSV  VXEWKUHVKROG SV\FKRWLF V\PSWRPV  VHOIOLPLWLQJ SV\
















D IHDVLEOH JRDO ,Q FRQWUDVW WR DQWLSV\FKRWLFV2PHJD IDWW\ DFLGV KDYH D
KLJK DFFHSWDQFH DPRQJ \RXWK DQG SDUHQWV *LYHQ WKHLU KLJK SUHYDOHQFH


































\HDUVDQGPHDQGXUDWLRQRI LOOQHVV\HDUVDQG WKHLUFOLQLFLDQV LQ




5HVXOWV 3DWLHQWV¶ VHOIUHSRUW DQG FOLQLFLDQV¶ HVWLPDWLRQ VXJJHVWHG VLPLODU
SURSRUWLRQ DERXW  RI SDWLHQWV WR KDYH QRQDGKHUHQFH EHKDYLRUV LH
IRUJRWWRWDNHWKHPHGLFDWLRQDQGGHFLGHGWRVWRSPHGLFDWLRQRQWKHLURZQ
:LWKUHIHUHQFHWRSDWLHQW¶VVHOIUHSRUWFOLQLFLDQVDUHQRWHIIHFWLYH LQ LGHQ
WLI\LQJ SDWLHQWVZLWK QRQDGKHUHQFH SUREOHPV VHQVLWLYLW\ 9DULDEOHV
UHODWHG WRQRQDGKHUHQFHEHKDYLRUV LQFOXGH\RXQJHUDJHSDUWLFLSDQWVZKR
KDG VKRUWHU LOOQHVV GXUDWLRQ DQG WDNLQJ DW\SLFDO DQWLSV\FKRWLFV +RZHYHU
JHQGHU KDG QR HIIHFW RQ QRQDGKHUHQFH EHKDYLRUV $ ORJLVWLF UHJUHVVLRQ
DQDO\VLV RQ SDWLHQWV¶ GHFLVLRQ WR VWRSPHGLFDWLRQ UHYHDOHG WKDW VLJQL¿FDQW























\HDUVDQGPHDQGXUDWLRQRI LOOQHVV\HDUVDQG WKHLUFOLQLFLDQV LQ
IRXUKRVSLWDOFOLQLFV LQ+RQJ.RQJ ,WHPV LQ WKHTXHVWLRQQDLUHVDGGUHVVHG
PHGLFDWLRQDGKHUHQFHEHKDYLRUVDQGDWWLWXGHV
5HVXOWV 3DWLHQWV¶ VHOIUHSRUW DQG FOLQLFLDQV¶ HVWLPDWLRQ VXJJHVWHG VLPLODU
SURSRUWLRQ DERXW  RI SDWLHQWV WR KDYH QRQDGKHUHQFH EHKDYLRUV LH
IRUJRWWRWDNHWKHPHGLFDWLRQDQGGHFLGHGWRVWRSPHGLFDWLRQRQWKHLURZQ
&OLQLFLDQV¶ GHWHFWLRQ RI QRQDGKHUHQFH EHKDYLRUV DFKLHYHG UHODWLYHO\ KLJK
VSHFL¿FLW\ EXW ORZVHQVLWLYLW\ <RXQJHUDJHZDV IRXQG WREH
UHODWHG WRQRQDGKHUHQFHEHKDYLRUVRI IRUJHWWLQJ WR WDNHPHGLFDWLRQ &KL
VTXDUH    S   DQG GHFLVLRQ WR VWRSPHGLFDWLRQ RQ WKHLU RZQ
&KLVTXDUH S 3DUWLFLSDQWVZLWKVKRUWHU LOOQHVVGXUDWLRQ
ZDVDOVRPRUH OLNHO\ WR VWRSPHGLFDWLRQ &KLVTXDUH S 
,QWHUHVWLQJO\SDUWLFLSDQWV WDNLQJDW\SLFDODQWLSV\FKRWLFVZHUHPRUH OLNHO\
WR VWRSPHGLFDWLRQ &KLVTXDUH S )XUWKHUGDWDDQDO\VLV
VXJJHVW WKDW WKLVZDVPHGLDWHGE\ DJH DQG LOOQHVVGXUDWLRQ HIIHFWV ,QRXU




WKH EHQH¿WV RIPHGLFDWLRQ SDWLHQWV¶ UHSRUWHG QHJDWLYH IHHOLQJV DVVRFLDWHG
ZLWKUHJXODUPHGLFDWLRQDQG\RXQJHUDJH
&RQFOXVLRQV &OLQLFLDQ GHWHFWLRQ RI QRQDGKHUHQFH KDV D ORZ VHQVLWLYLW\

















SV\FKRVLV '83ZHUH LQYHVWLJDWHGDVSRWHQWLDOSUHGLFWRUVRI UHODSVH7KH
VDPSOHKDGDPHDQDJHRI\HDUVDQGWKHPHDQ'83ZDVGD\V
5HVXOWV:HIRXQGWKDWE\WKH¿UVW\HDUSDWLHQWVKDGUHODSVHGE\WKH







&RQFOXVLRQV7KH UHODSVH UDWH LQ WKLV VDPSOH LV UHODWLYHO\ ORZHU WKDQ WKDW
ZKLFK LV UHSRUWHG LQ RWKHU VWXGLHV$ \RXQJHU DJH DQG QRQDGKHUHQFH WR












2EMHFWLYHV 7KH FHUHEUDO SURFHVVLQJ RI HPRWLRQDO IDFLDO H[SUHVVLRQV KDV
UHSHDWHGO\EHHQVKRZQWRGLIIHUVXEVWDQWLDOO\EHWZHHQKHDOWK\FRQWUROVDQG




FKDQJHV LQ WKHEUDLQ WKHGLIIHUHQW UHVSRQVH VKDSHVPD\DOVREHRISDWKR








LQ RUGHU WR REWDLQ FKDQJHV LQ EUDLQ DFWLYDWLRQ GXH WR WKH SUHVHQWDWLRQ RI




5HVXOWV &RQWUROV UHYHDOHG KLJKHU DFWLYDWLRQ WKDQ SDWLHQWV LQ WKH ULJKW
PLGGOH WHPSRUDO J\UXVZKHQ YLHZLQJ IHDUIXO IDFHV 3DWLHQWV DFWLYDWHG WKH
OHIWLQIHULRUWHPSRUDOJ\UXVPRUHWKDQFRQWUROVLQWKHKDSS\FRQGLWLRQDQG











QDWLRQ LQVWUXFWLRQ )XUWKHUPRUH LW ZDV VKRZQ WKDW WKHVH EUDLQ DFWLYDWLRQ




$FNQRZOHGJHPHQWV 7KLV VWXG\ ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK











QHXURELRORJ\ DQG WUHDWPHQW RI VFKL]RSKUHQLD 3HULSKHUDO ELRORJLFDOPDUN







WLHQWVZLWK VXLFLGDOEHKDYLRXU &OLQLFDO*OREDO ,PSUHVVLRQ IRU6HYHULW\RI
6XLFLGDOLW\&*,66 UHFHLYLQJRODQ]DSLQH1 RUKDORSHULGRO 1 
DQGPDOHKHDOWK\FRQWUROV3ODWHOHW+7FRQFHQWUDWLRQDQGSODWHOHW0$2
DFWLYLW\ ZDV GHWHUPLQHG E\ WKH VSHFWURÀXRULPHWULF PHWKRGV DQG VHUXP
FKROHVWHURO OHYHOVE\WKHHQ]\PDWLFFRORUWHVWUHVSHFWLYHO\0DLQRXWFRPH
PHDVXUHV ZHUH VFRUHV LQ &OLQLFDO *OREDO ,PSUHVVLRQ RI 6HYHULW\ &*,6
RU &KDQJH &*,& &*,66 DQG +DPLOWRQ 5DWLQJ 6FDOH IRU 'HSUHVVLRQ
+$0'
5HVXOWV 3ODWHOHW +7 ZDV VLJQL¿FDQWO\ )  GI  S
ORZHU LQ VXLFLGDO VFKL]RSKUHQLF SDWLHQWV WUHDWHG ZLWK KDORSHULGRO WKDQ LQ
SDWLHQWVWUHDWHGZLWKRODQ]DSLQHRULQKHDOWK\FRQWUROV+$0'VFRUHVZHUH
VLJQL¿FDQWO\) GI S ORZHUDIWHURODQ]DSLQHWKDQDIWHU
KDORSHULGRO WUHDWPHQW 3ODWHOHW0$2DFWLYLW\ )  GI  S 
RUVHUXPFKROHVWHUROOHYHOV) GI S GLGQRWGLIIHUVLJ
QL¿FDQWO\EHWZHHQVFKL]RSKUHQLFSDWLHQWVWUHDWHGZLWKKDORSHULGRORURODQ
]DSLQHDQGKHDOWK\VXEMHFWV6FRUHV LQ6&,6DQG&*,&ZHUHVLJQL¿FDQWO\
GLIIHUHQW) GI S ORZHUDIWHU WKDQEHIRUH WUHDWPHQW
EXW ERWK GUXJV HOLFLWHG VLPLODU UHGXFWLRQ RI &*,& VFRUHV DIWHU WUHDWPHQW









0XFN6HOHU ' -DNRYOMHYLF 0 'HDQRYLF =  3ODWHOHW VHURWRQLQ LQ















2EMHFWLYHV:H FRQGXFWHG D VL[ZHHN VZLWFK WULDO WR GHWHUPLQH LI GLIIHU
HQFHV H[LVW LQ HIIHFWLYHQHVV DQG VDIHW\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD RU
VFKL]RDIIHFWLYHGLVRUGHU VZLWFKHG IURP UHVSHFWLYHO\ VXOSLULGH ULVSHULGRQH
RURODQ]DSLQHWR]LSUDVLGRQH
0HWKRGV7DLZDQHVHRXWSDWLHQWVDJHGWRZLWKD'60,9GLDJQRVLV
RI VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHUZHUH UHFUXLWHG IRU WKH VWXG\
7KHUHFUXLWHGSDWLHQWVQHHGWRUHFHLYHVXOSLULGHRODQ]DSLQHRUULVSHULGRQH
ZLWKSHUVLVWHQWSV\FKRWLFV\PSWRPVRUWURXEOHVRPHVLGHHIIHFWV7KH\ZHUH





ULVSHULGRQH RU RODQ]DSLQH )LYH RI WKH  SDWLHQWV GURSSHG RXW IURP WKH
VWXG\EHFDXVHRIQRQFRPSOLDQFHQ UHODSVHRIGHSUHVVLRQQ UHODSVH
RI SV\FKRVLV GXULQJ WKH WULDO Q  DQG DFXWH H[DFHUEDWLRQ RI SV\FKRVLV
EHIRUH VWDUWLQJZLWK ]LSUDVLGRQH Q  )RU WKH UHPDLQLQJ  SDWLHQWVZKR
FRPSOHWHGWKHVWXG\]LSUDVLGRQHVZLWFKPHDQGRVHPJGD\OHGWRDQ






IURPSUHYLRXV WUHDWPHQWV KDV D WKHUDSHXWLF HIIHFW LQ SDWLHQWVZLWK VFKL]R














2EMHFWLYHV0XFK UHVHDUFKKDV UHSRUWHG WKDW VFKL]RSKUHQLF SDWLHQWV VKRZ







RISRVLWLYHV\PSWRPVRQVRFLDO IXQFWLRQLQJUHPDLQXQFOHDU ,Q WKHSUHVHQW
VWXG\UHODWLRQVKLSEHWZHHQERWKQHJDWLYHDQGSRVLWLYHV\PSWRPVDQGVRFLDO
PRWLYDWLRQLVH[DPLQHG































 %RVF 0 'XELQL$ 3ROLQ 9 'HYHORSPHQW DQG YDOLGDWLRQ RI D VRFLDO
IXQFWLRQLQJ VFDOH WKH 6RFLDO$GDSWDWLRQ 6HOIHYDOXDWLRQ 6FDOH (XU 1HX
URSV\FKRSKDUPDFRO6XSSO66
.D\ 65 )LV]EHLQ$2SOHU /$ 7KH 3RVLWLYH DQG1HJDWLYH
6\QGURPH6FDOH3$166IRUVFKL]RSKUHQLD6FKL]RSKU%XOO
%ODQFKDUG--0XHVHU.7%HOODFN$6$QKHGRQLDSRVLWLYHDQGQHJDWLYH

















2EMHFWLYHV 7R LQYHVWLJDWH GLHWDU\ KDELWV ERG\ZHLJKW VHOISHUFHSWLRQ





HIIRUWV DQGPHWKRGV XVHG WR FRQWURO ERG\ZHLJKW ZHUH DVFHUWDLQHG YLD D
ZHOOHVWDEOLVKHG VHPLVWUXFWXUHG LQWHUYLHZ SUHYLRXVO\ HPSOR\HG LQ ODUJH
HSLGHPLRORJLFDOVWXGLHV1+$1(6
5HVXOWV2QHKXQGUHGDQGIRXUW\VL[SDWLHQWVZHUHUHFUXLWHG$YHUDJH%0,
%RG\0DVV ,QGH[ ZDV  ZKLFK LV VLJQL¿FDQWO\ KLJKHU WKDQ 86





WRRPXFKZDVVLJQL¿FDQWO\FRUUHODWHG WRPHDVXUHGERG\ZHLJKW U 
S DQG%0, U    S$VPHDQV RIZHLJKW ORVV FDORULF
UHVWULFWLRQZDVPRVWIUHTXHQWO\HPSOR\HGE\PRUHWKDQRIVWXG\VXE
MHFWVRQO\DWKLUGRIVWXG\VXEMHFWVHQJDJHGLQWKHUHFRPPHQGHG
FRPELQDWLRQ RI GLHW DQG H[HUFLVH WR IDFLOLWDWH ZHLJKW ORVV 4XHVWLRQDEOH
ZHLJKW ORVV SUDFWLFHV ZHUH DOVR IUHTXHQWO\ HPSOR\HG HVSHFLDOO\ DPRQJ
ZRPHQ
&RQFOXVLRQV 0RVW FRPPXQLW\GZHOOLQJ 6FKL]RSKUHQLD SDWLHQWV LQ RXU
VDPSOH ZHUH RYHUZHLJKW RU REHVH ZKHQ FRPSDUHG WR FRQWUROV IURP WKH
86SRSXODWLRQ&RQVLVWHQWO\WKH\DWHPRUHIRRGWKDQSHRSOHLQWKHJHQHUDO












2EMHFWLYHV WR HYDOXDWH WKH FRVW HIIHFWLYHQHVV RI 4XHWLDSLQH 4 PDLQWH


















LQ HDUO\ VWDJHV RI VFKL]RSKUHQLD 'LVSURSRUWLRQDOO\ KLJKHU WKH ZKROHVDOH






















2EMHFWLYHV 7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR DVVHVV EUDLQ PDJQHWLF
UHVRQDQFHLPDJHV05,RISDQLFGLVRUGHU3'SDWLHQWVZLWKYR[HOEDVHG














5HVXOWV $ SRVLWLYH FRUUHODWLRQ ZDV IRXQG EHWZHHQ WKH DP\JGDOD DQG




FRQWUROV$GGLWLRQDO VWUXFWXUHV VKRZLQJ GLIIHUHQWLDO LQFUHDVHZHUH WKH OHIW
VXSHULRUWHPSRUDOJ\UXV%$DQGOHIWSDUDKLSSRFDPSDOJ\UXV%$
,Q FRQWUDVW UHODWLYH JUH\ PDWWHU GH¿FLW RFFXUUHG LQ WKH ULJKW IURQWRSRODU
SUHIURQWDOFRUWH[%$RI3'SDWLHQWV
&RQFOXVLRQV7KHVHUHVXOWVLGHQWLI\JUH\PDWWHUFKDQJHLQEUDLQUHJLRQVWKDW
KDYHEHHQ LPSOLFDWHG LQDQ[LHW\DQG LWVGLVRUGHUV ,QSDUWLFXODU WKH LQVXOD
DQRPDO\PD\ EH UHOHYDQW WR WKH SDWKRSK\VLRORJ\ RI 3' VLQFH IXQFWLRQDO




































WKH FDSDELOLWLHV RI WKH VHOHFWLYH ''DQWDJRQLVW DPLVXOSULGH WR UHVWRUH
FRJQLWLYH IXQFWLRQLQJ LQVFKL]RSKUHQLFSDWLHQWV7KHUHIRUH WKHJRDORI WKH
SUHVHQW VWXG\ LV WR HVWDEOLVK DQ I05, SDUDGLJP VXLWDEOH IRU LQYHVWLJDWLQJ
SUHGLFWLRQVRIWKH0$12$&+PRGHODQGWRH[DPLQHWKHHIIHFWVRIDPLVXO
SULGHWUHDWPHQWXVLQJWKLVSDUDGLJP
0HWKRGV :HOO FKDUDFWHUL]HG QHXURSV\FKRORJLFDO SDUDGLJPV QEDFN
FRYHULQJDWWHQWLRQH[HFXWLYHIXQFWLRQVDVZHOODV:0XQGHUGLIIHUHQWORDG
FRQGLWLRQVZHUHDGRSWHG IRUXVH LQ WKHPDJQHW&RPELQLQJEDFNDQG
EDFNWDVNVLQSVHXGRUDQGRPL]HGRUGHUZLWKEDFNJURXQGLPDJHVFRQWDLQLQJD
SDUDPHWULFGH¿QHGGHJUHHRIQRLVHDQI05,SDUDGLJPLQEORFNGHVLJQFRXOG
EH HVWDEOLVKHG 3LFWXUHV ZHUH FRQWUROOHG IRU PLQLPDO DURXVDO DQG QHXWUDO
HPRWLRQDOYDOHQFH,$36
$QHXURSV\FKRORJLFDOSLORWVWXG\XVLQJWKLVSDUDGLJPZDVSHUIRUPHGZLWK
PDOH ULJKWKDQGHG LQSDWLHQWV DQGKHDOWK\FRQWUROVPDWFKHG IRU DJH
VH[DQGHGXFDWLRQDOOHYHOPDOHDQGIHPDOHKHDOWK\FRQWUROVSHUIRUPHG
WKHSDUDGLJP LQ WKH VFDQQHU$GGLWLRQDOO\ DW WKLV VWDJH¿YH VFKL]RSKUHQLF






5HVXOWV'DWD IURP WKH SLORW VWXG\ VKRZHG VLJQL¿FDQW GLIIHUHQFHV LQ SHU




)XQFWLRQDO05, GDWD LQ FRQWUROV VKRZHG WKDW WKLV SDUDPHWULF SDUDGLJP LV
DEOHWRH[DPLQHWKHPRGXODWLRQRIYLVXDOLQIRUPDWLRQORDGDQGKRZWKH:0
V\VWHPUHVSRQGVWRLQFUHDVLQJORDG8VLQJD7PDJQHWDQGDQLQGHSHQG









LPDJLQJ VWXGLHV RI WKHUDSHXWLF HIIHFWV RQ DOWHUHG EUDLQ IXQFWLRQ )XUWKHU
PRUH EHKDYLRUDO GDWD LQGLFDWHV LWV DELOLW\ WR LGHQWLI\ QHXUDO FRUUHODWHV RI







 0DQRDFK '6  3UHIURQWDO FRUWH[ G\VIXQFWLRQ GXULQJ ZRUNLQJ
PHPRU\ SHUIRUPDQFH LQ VFKL]RSKUHQLD UHFRQFLOLQJ GLVFUHSDQW ¿QGLQJV
6FKL]RSKU5HV


















DSSURYHG IRU WKH WUHDWPHQW RI GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHUV (VFLWDOR




>,@$'$0 DQG VLQJOH SKRWRQ HPLVVLRQ FRPSXWHU WRPRJUDSK\ 63(&7
ZDV XVHG WRPHDVXUH 6(57RFFXSDQF\ RI GLIIHUHQW GRVHV RI HVFLWDORSUDP
DQGFLWDORSUDP
0HWKRGV KHDOWK\YROXQWHHUV UHFHLYHGHVFLWDORSUDP >PJ Q PJ
Q  PJ Q @ RU FLWDORSUDP >PJ Q  PJ Q @0LGEUDLQ







UHJLRQ RFFXSLHGZHUH 0HDQ6'   DQG ZLWK
VLQJOHGRVHVRIPJPJDQGPJHVFLWDORSUDP UHVSHFWLYHO\6(57
RFFXSDQFLHV IRU YROXQWHHUV WUHDWHGZLWK VLQJOH GRVH RI PJ DQG PJ
FLWDORSUDPZHUHDQG7KHUHZDVDVWDWLVWLFDOO\VLJQL¿FDQW




&RQFOXVLRQV 63(&7 DQG WKH KLJKO\ VHOHFWLYH 6(57 UDGLROLJDQG
>,@$'$0ZHUH XVHG WR FRPSDUHG 6(57 RFFXSDQFLHV DIWHU DGPLQLVWUD
WLRQRIVLQJOHGRVHVRIFOLQLFDOHVFLWDORSUDPDQGFLWDORSUDP7KHWHVWUHWHVW
VWXG\ VKRZHG JRRG UHSURGXFLELOLW\ FRQ¿UPLQJ WKH YDOXH RI 63(&7 DQG
>,@$'$0LQQHXURLPDJLQJVWXGLHV6(57RFFXSDQFLHVDIWHUDGPLQLVWUD
WLRQRIPJHVFLWDORSUDPRUPJFLWDORSUDPZHUH LQ WKH VDPH UDQJH
SURYLGLQJLQGLUHFWHYLGHQFHIRUDIUDFWLRQDOEORFNDGHRI6(57E\WKHWKHUD
SHXWLFDOO\LQDFWLYH5FLWDORSUDP




























+HDOWK\ FRQWUROV PDWFKHG IRU DJH JHQGHU DQG SDUHQWDO HGXFDWLRQ ZHUH
GUDZQ RQ IRU FRPSDULVRQ 'XULQJ I05, VFDQQLQJ VXEMHFWV RQ WKH RQH
KDQG SHUIRUPHG D PRRG LQGXFWLRQ WDVN 7KH PRRG LQGXFWLRQ SURFHGXUH
















VFKL]RSKUHQLD SDWLHQWV FRPSDUHG WRPDWFKHG KHDOWK\ FRQWUROV GXULQJ KDS
















2EMHFWLYHV ,PSDLUHG SURFHVVLQJ RI ZRUNLQJ PHPRU\ LQIRUPDWLRQ LV RQH
RIWKHFRJQLWLYHGH¿FLWVVHHQLQSDWLHQWVZLWKVFKL]RSKUHQLD7KLVDLPHGDW
FRUURERUDWLQJWKHGLIIHUHQFHVLQWKHEUDLQDFWLYLWLHVLQYROYHGLQWKHSURFHVV
RIZRUNLQJPHPRU\ EHWZHHQ SDWLHQWVZLWK VFKL]RSKUHQLD DQG WKH FRQWURO
VXEMHFWV
0HWKRGV 7ZHOYH SDWLHQWV ZLWK VFKL]RSKUHQLD ZHUH UHFUXLWHG DORQJ ZLWK
WZHOYH GHPRJUDSKLFDOO\ PDWFKHG KHDOWK\ YROXQWHHUV DV D FRQWURO JURXS
)XQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,ZDVXVHGWRDVVHVVFRUWLFDO


















2EMHFWLYHV 7R LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ LQVLJKW DQG UHJLRQDO








5HVXOWV $Q LQYHUVH UHODWLRQVKLS EHWZHHQ LQVLJKW LPSDLUPHQW DQG JUD\
PDWWHU YROXPH LQ WKH OHIW OLQJXDO J\UXVZDV REVHUYHG =  S
XQFRUUHFWHGIRUPXOWLSOHFRPSDULVRQV
&RQFOXVLRQV2XUUHVXOWVGRQRWVXSSRUWSUHYLRXVK\SRWKHVHVVXJJHVWLQJD

















0HWKRGV +056ZDVSHUIRUPHG LQ WZRVLQJOHYR[HOV [[FP LQ WKH




5HVXOWV :LWK DJH P, LQ GHSUHVVLYHV VKRZHG D WUHQG WRZDUGV LQFUHDVH
S  5  OHIW IURQWDOO\ ZKLOH ULJKW IURQWDOO\ QR VLJQL¿FDQW FRU
UHODWLRQZLWKDJHFRXOGEHREVHUYHG,QFRQWUROVD WUHQGRIDQDJHUHODWHG





DJH LQ WKHULJKWIURQWDO OREHRIKHDOWK\VXEMHFWVS 5  ,QERWK
JURXSVQRFRUUHODWLRQEHWZHHQDJHDQG1$$FRXOGEHREVHUYHG
&RQFOXVLRQV 'HSUHVVLYH DQG KHDOWK\ VXEMHFWV UHYHDOHG D WUHQG WRZDUG D
SRVLWLYH FRUUHODWLRQ RI P,FRQFHQWUDWLRQ DQG DJH &KR DQG &U LQFUHDVHG














.DQVDL 0HGLFDO 8QLYHUVLW\ -DSDQ 7ZHLJKWHG LPDJHV XVLQJ D VSRLOHG
*5$66 VHTXHQFHZHUH DFTXLUHGZLWK WKH IROORZLQJ SDUDPHWHUV PP
FRURQDOVOLFHVQRJDSÛÀLSDQJOH75PV7(PV1(;)29





















2EMHFWLYHV$  \HDU ROGZRPDQZDV DGPLWWHG WR WKH SV\FKLDWULFZDUG
$ SK\VLFDO H[DPLQDWLRQ UHYHDOHG D SDUDP\RFORQXV PXOWLSOH[ ZKLFK KDG
VWDUWHGDIHZZHHNVDIWHUDDWWHPSWDWVXLFLGHDQGZDVQRZPRUHLQWHQVH7KH






0HWKRGV$ WKRURXJK QHXURORJLFDO FKHFNXS JDYH QR IXUWKHU LQGLFDWLRQV













WUDFWZKLFK LQ RXU FDVH VSHDNV LQ IDYRXU RI D FDXVDO FRQQHFWLRQ EHWZHHQ
WKH DEQRUPDOLWLHV LQ WKH EDVDO JDQJOLD RI WKH SDWLHQW DQG WKH P\RFORQLF
V\PSWRPV,WWXUQHGRXWWKDWDIWHUKHUVXLFLGHDWWHPSWWKHSDWLHQWZDVIRXQG
LQ D FRPDWRVH FRQGLWLRQ DQG ZLWK VSDVWLF ÀH[LRQ RI DOO H[WUHPLWLHV 7KH
WR[LFDJHQWXVHGLQKHUDWWHPSWDWVXLFLGHZDVGLSKHQK\GUDPLQHDFRPPRQ
VOHHSLQJSLOODQGZKLFKLVNQRZQWRFDXVHEUDLQGDPDJHLQFDVHVWXGLHV2XU






























2EMHFWLYHV 3UHYLRXVPDJQHWLF UHVRQDQFH LPDJLQJ 05, VWXGLHV LQGLFDWH
WKDWFRPSDUHGZLWKKHDOWK\YROXQWHHUVSDWLHQWVZLWKPDMRUGHSUHVVLRQKDYH
VWUXFWXUDO DQG IXQFWLRQDO DEQRUPDOLWLHV LQ WKHSUHIURQWDO FRUWH[$QXPEHU
RISRVWPRUWHPDQDWRPLFDO LQYHVWLJDWLRQV VXJJHVWHG WKH FUXFLDO UROHRI WKH







































GLIIHUHQW DVSHFWV RI WKH VRFLDO HQYLURQPHQW 6XFFHVVIXO VRFLDO LQWHUDFWLRQ










5HVXOWV &RQVLGHULQJ WDVN SHUIRUPDQFH VFKL]RSKUHQLF SDWLHQWV FRPSDUHG
WR KHDOWK\ FRQWUROV VKRZ KLJKHU HUURU UDWHV IRU WKH PDWFK DQG PLVPDWFK
FRQGLWLRQ 1HYHUWKHOHVV WKH UHGXFHG SHUIRUPDQFH ZDV DERYH WKH FKDQFH




&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW DQ LPSDLUPHQW LQ WKH DELOLW\ RIPLQG


















ELQGLQJ SRWHQWLDO %3 LQ VHYHUDO EUDLQ DUHDV XVLQJ 3(7 DQG >&@:$<
 >@ +RZHYHU DQ DFTXLVLWLRQ WLPH RI PLQXWHV OHDGV WR DQ XQ





























LQJ RI  RXW RI  VXEMHFWV ZHUH GUDZQ  WLPHV WR JHQHUDWH HTXDWLRQ
SDUDPHWHUVDEF7KXVWKH%3VDWPLQZHUHSUHGLFWHGIRUHDFKRIWKH










WLRQ WLPH LQFOXGLQJ UHGXFHGVWUHVV IRUSDWLHQWVZLWKSV\FKLDWULFGLVRUGHUV
WKHSRVVLELOLW\RIVHYHUDOVFDQVHVVLRQVZLWKDVLQJOHWUDFHUV\QWKHVLVRUWKH

















52, D E F 0HDQHUURUD 6'
$QWHULRUFLQJXODWHFRUWH[     
,QVXOD     
0HVLRWHPSRUDOFRUWH[     
5DSKHQXFOHL     
















E\DQLPDOH[SHULPHQWVHJ³NQRFNRXW´PLFH ODFNLQJ WKHJHQH WKDW UHJX
ODWHVWKHH[SUHVVLRQRI+7$UHFHSWRUVVKRZHOHYDWHGDQ[LHW\VFRUHVDQG
KXPDQVWXGLHV WHVWLQJ WKH UROHRI+7$ UHFHSWRUV LQDQ[LHW\ $IWHU
VXFFHVVIXO WUHDWPHQW RI DQ[LHW\ GLVRUGHUV ZLWK 665, FKDQJHV RI ELQGLQJ
SRWHQWLDO%3LQVHURWRQHUJLFWDUJHWUHJLRQVDUHH[SHFWHG
0HWKRGV :H LQYHVWLJDWHG WKH +7$ ELQGLQJ SRWHQWLDO E\ PHDQV RI D
*( $GYDQFH 3(7 VFDQQHU DQG WKH VHOHFWLYH +7$ DQWDJRQLVW OLJDQG
>FDUERQ\O&@:$< LQ D \U PDOH SDWLHQW VXIIHULQJ IURP SDQLF
GLVRUGHU '60,9DWEDVHOLQHDQGDIWHUZHHNV WUHDWPHQWZLWK







KDYH EHHQ FRUHJLVWHUHG WR HDFK 3(7$'' LPDJHV DSSO\LQJ 630 7ZR
UHJLRQVRILQWHUHVW FHUHEHOOXP DQWHULRU FLQJXODWH ZHUH GHOLQHDWHG RQ
FRUHJLVWHUHGDQDWRPLFDO LPDJHXVLQJ302'DQGDQDWRPLFDOFULWHULD
HVWDEOLVKHGE\%UHPQHUHWDO7KHTXDQWL¿FDWLRQRI+7$UHFHSWRU%3
DQG SDUDPHWULFPDSSLQJZHUH SHUIRUPHGZLWK 302' XVLQJ*XQQV1RQ









FRUWH[ SDUDKLSSRFDPSDO FRUWH[ DQG WKH KLSSRFDPSXV &RQFXUUHQWO\ ZH
LGHQWL¿HGDQXSUHJXODWLRQRIWKH+7$UHFHSWRULQQXFOHXVUDSKHGRUVDOLV
DQGQXFOHXVUDSKHPDJQXV)LJXUH
&RQFOXVLRQV ,W LV DVVXPHG WKDW GXH WR WKH UHXSWDNH LQKLELWLRQ FDXVHG E\
WKH665,PRUHVHURWRQLQUHPDLQVLQWKHV\QDSWLFFOHIWZKLFKFRQVHTXHQWO\
OHDGV WR D GRZQUHJXODWLRQ LQ FRUWLFDO DQG VXEFRUWLFDO UHJLRQV +7$




























2EMHFWLYHV ,Q SDWLHQWV VXIIHULQJ IURP PDMRU GHSUHVVLRQ WKH DYDLODELOLW\
RI VHURWRQLQ WUDQVSRUWHUV 6(57 IRU WKH ELQGLQJ RI 63(&7 DQG 3(7 UD
GLROLJDQGVKDVEHHQIRXQGWREHHLWKHUGHFUHDVHGLQFUHDVHGRUXQFKDQJHG
GHSHQGLQJXSRQWKHEUDLQUHJLRQLQYHVWLJDWHGWKHUDGLRWUDFHUDQGWKHVWXG\




0HWKRGV  SDWLHQWV ZLWK PDMRU GHSUHVVLRQ ,&')) DQG D
+$0'WRWDOVFRUHRIZHUHH[DPLQHG7KH>,@$'$0ELQGLQJ
ZDVDVVHVVHGKDIWHULQMHFWLRQXVLQJ05JXLGHGUHJLRQVRILQWHUHVWSODFHG
LQ WKH PLGEUDLQ DQG FHUHEHOOXP 3ODVPD FRQFHQWUDWLRQV RI >,@$'$0
ZHUH DVVHVVHG DW K DIWHU LQMHFWLRQ 7KH UHODWLRQVKLSV EHWZHHQ LQGLFHV RI
>,@$'$0ELQGLQJZLWKWKH6(57FRXQWVPLGEUDLQFRXQWVFHUHEHOOXPFRXQWVF
HUHEHOOXPFRXQWVPLGEUDLQ$'$0 GRVLVFRXQWVPLGEUDLQ$'$0 FRQFHQWUDWLRQ LQ
SODVPDDQGGLIIHUHQWDVSHFWVRIPDMRUGHSUHVVLRQLWHPVRI+$0'ZHUH
HYDOXDWHGE\ WKH VWDWLVWLFDO VLJQL¿FDQFHRI WKH6SHDUPDQFRUUHODWLRQFRHI
¿FLHQWV




















)XQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ I05, RI WKH KXPDQ EUDLQ ZDV
XVHG WR VWXG\ZKHWKHU WKHDP\JGDOD LVDFWLYDWHG LQ UHVSRQVH WRHPRWLRQDO
VWLPXOL HYHQ LQ WKHDEVHQFHRI H[SOLFLW NQRZOHGJH WKDW VXFK VWLPXOLZHUH






$OWKRXJKVXEMHFWV UHSRUWHGVHHLQJRQO\QHXWUDO IDFHVEORRGR[\JHQ OHYHO





DFWLYDWLRQ LV DIIHFWHG GLIIHUHQWLDOO\ E\ WKH HPRWLRQDO YDOHQFH RI H[WHUQDO
VWLPXOL ,Q DGGLWLRQ WKHVH IDFLDO H[SUHVVLRQV DFWLYDWHG WKH VXEOHQWLFXODU
























0HWKRGV :H FRPSDUHG  SRO\YDOHQW HFVWDV\ XVHUV ZLWK  PDWFKHG
FRQWUROV 6SHFWUD DW 7 LQ WKH OHIW KLSSRFDPSXV DQG WKH JUH\PDWWHU RI
WKHPLGIURQWDODQGPLGRFFLSLWDOFRUWH[ZHUHDFTXLUHG+056PHDVXUHVRI




5HVXOWV ,Q DOO WKUHH UHJLRQV HFVWDV\ XVHUV SUHVHQWHG ZLWK QXPHULFDOO\
ORZHU1$$&U UDWLRV WKDQFRQWUROV+RZHYHUJURXSGLIIHUHQFHV LQ IURQWDO
DQGRFFLSLWDOUDWLRVZHUHIDUIURPEHLQJVLJQL¿FDQWIURQWDOW GI 
S RFFLSLWDOW GI S ZKLOHWKHKLSSRFDPSDOUDWLRVKRZHG








































VFDQFRQVLVWHGRID WKUHHGLPHQVLRQDO IDVW VSRLOHGJUDGLHQWHFKRVHTXHQFH






YR[HOZLVH VWDWLVWLFDO FRPSDULVRQ RI JUH\ PDWWHU YROXPH LQ WKH WKDODPXV
EHWZHHQ WKH WZR JURXSV ZDV SHUIRUPHG XVLQJ YR[HOEDVHG PRUSKRPHWU\




VXPRI WRWDOJUH\PDWWHU DQGZKLWHPDWWHUEHWZHHQ WKH WZRJURXSV7KH
UHVXOWVRIWKH9%0DQDO\VLVUHYHDOHGVLJQL¿FDQWORVVRIJUH\PDWWHULQWKH
ELODWHUDOWKDODPXVULJKWWKDODPXV7PD[ SOHIWWKDODPXV
7PD[    S $ JURXS FRPSDULVRQ RI WKDODPLF JUH\ PDWWHU
YROXPHZLWKWKHWRWDOEUDLQWLVVXHYROXPHDQGWKHDJHDVFRYDULDWHVUHYHDOHG
D VLJQL¿FDQW YROXPH UHGXFWLRQ S LQ WKH VFKL]RSKUHQLD SDWLHQWV1R



















































WZLQV GLVFRUGDQW IRU VFKL]RSKUHQLDZLWK QR IDPLOLDO KLVWRU\ RI SV\FKLDWULF
LOOQHVV ³6SRUDGLF JURXS´  FRQFRUGDQW0= WZLQ SDLUV ZLWK ¿UVWGHJUHH





%URFD¶V DUHD LQ FRQWUDVW WR KHDOWK\ LQGLYLGXDOV UHVXOWLQJ LQ UHGXFHG ODQ








OLQN EHWZHHQ GHYLDWLRQV RI IXQFWLRQDO DV\PPHWU\ LQ VFKL]RSKUHQLD DQG





















FUHDWLYH WKLQNLQJ LQPXVLFLDQVZHDVVHVVHGPXVLFLDQV DQGDJH DQG
VH[PDWFKHGQRQPXVLFLDQVRQFUHDWLYHWKLQNLQJWDVNVVFKL]RW\SDOSHUVRQDO
LW\SV\FKRPHWULFLQWHOOLJHQFH,4DQGKDQGHGQHVVDQLQGLUHFWPHDVXUHRI





5HVXOWV0XVLFLDQV VKRZHG VXSHULRU SHUIRUPDQFH RQ FUHDWLYLW\ WDVNV DQG








LQ FUHDWLYH WKLQNLQJ HVSHFLDOO\RGGRU GLVRUJDQL]HG FKDUDFWHULVWLFVZKLFK












LQFUHDVLQJO\ LPSRUWDQW VLQFH QHZ WKHUDSHXWLF VWUDWHJLHV DSSHDU RQ WKH
KRUL]RQ5HFHQWO\3LWVFKNHHWDOLWZDVUHSRUWHGWKDWH[FOXVLYHO\FHU
HEURVSLQDOÀXLGRI$'SDWLHQWVFRQWDLQHGODUJH$ȕSHSWLGHELQGLQJSDUWLFOHV
/$3VZKRVH RFFXUUHQFH FRXOG SRWHQWLDOO\ EH XVHG DV D GLDJQRVWLF WRRO
7KHLUPROHFXODUFRPSRVLWLRQDQGWKHLUPRUSKRORJLFDOVWUXFWXUHDUHFXUUHQWO\
XQNQRZQ
0HWKRGV &HUHEURVSLQDO ÀXLG &6) ZDV LQRFXODWHG ZLWK ÀXRUHVFHQFH
ODEHOOHG$ȕSHSWLGHVZKLFKSUHFLSLWDWHGRQSUHH[LVWHQWSDUWLFOHVDQG
ZHUH GHWHFWHG E\ HPLVVLRQ RI ODUJH ÀXRUHVFHQW SHDNV LQ D FRQIRFDO VSHF
WURVFRS\VHWXS:HGHVLJQHGDPLFURÀXLGLFV\VWHPIRUTXDQWLWDWLYHDQDO\VLV




GHPHQWHG FRQWUROV &RQFHQWUDWLRQ RI /$3V FRUUHODWH SRVLWLYHO\ ZLWK WKH
FRQFHQWUDWLRQRILPPXQRJOREXOLQVEXWQRW$ȕ$ȕWRWDOWDXDQG
SKRVSKR7DX)OXRUHVFHQFHPLFURVFRS\UHYHDOHGWKDWWKHVHSDUWLFOHVDUH
VXSHUFRPSOH[HV FRQVLVWLQJ RI VPDOOHU VXEXQLWV UHVHPEOLQJ DXWRLPPXQH




WLYH FRUUHODWLRQ RI /$3VZLWK LPPXQRJOREXOLQV FRQFHQWUDWLRQ DQG GXH WR
WKHLUÀXRUHVFHQFHPLFURVFRSLFLPDJHLWLVLQWULJXLQJWRVSHFXODWHWKDW/$3V
FRQVLVW RI VXSHUPROHFXODU FRPSOH[HV FRQWDLQLQJ DXWRDQWLERGLHV$ȕ
DQGSRVVLEO\DGGLWLRQDOFDUULHUSURWHLQV
5HIHUHQFHV












FHQWUDO QHUYRXV LQIRUPDWLRQ SURFHVVLQJ DVVRFLDWHG ZLWK H[SHFWLQJ YLVXDO
VWLPXOLRIXQNQRZQHPRWLRQDOYDOHQFH
0HWKRGV:KLOHEHLQJVFDQQHGZLWKIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJ
LQJ HLJKWHHQ KHDOWK\ VXEMHFWV ZHUH ELDVHG WR H[SHFW DQG WKHQ SHUFHLYH









&RQFOXVLRQV ([SHFWLQJ WKH XQNQRZQ YDOHQFH ZDV DVVRFLDWHG ZLWK EUDLQ
DFWLYLW\FRPSDUDEOHWRH[SHFWLQJWKHXQSOHDVDQWYDOHQFH7KHUHYHDOHGDUHDV
PD\ UHÀHFW WKH QHWZRUN IRU LQWHUQDO DGDSWDWLRQ DQG SUHSDUDWLRQ SURFHVVHV
LQ RUGHU WR DFW DGHTXDWHO\ WR H[SHFWHG SRWHQWLDOO\ RU FHUWDLQO\ XQSOHDVDQW
HYHQWV7KHUHE\EUDLQDFWLYLW\GXULQJH[SHFWLQJXQNQRZQHYHQWVDSSHDUHG









FDO QHWZRUN DV KDV EHHQ UHYHDOHG IRU LQVWDQFH XVLQJ IXQFWLRQDO PDJQHWLF
UHVRQDQFHLPDJLQJI05,:KHUHE\I05,SURYLGHVXVHIXOWRSRORJLFDOLQ
IRUPDWLRQ LW LV OLPLWHG FRQFHUQLQJ LWV UHVROXWLRQ LQ WLPH+HQFH LWV FRP
ELQDWLRQ ZLWK VXEVHTXHQW WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 RIIHUV
WKHSRVVLELOLW\ WR LQYHVWLJDWHSUHLGHQWL¿HG FRUWH[ DUHDV DFFRUGLQJ WR WKHLU
FKURQRPHWULF LQYROYHPHQW LQ WKH VWUHDP RI LQIRUPDWLRQ SURFHVVLQJ IURP
SHUFHSWLRQWRDFWLRQ:HFRPELQHGERWKPHWKRGVLQRUGHUWRLQYHVWLJDWHWKH
SURFHVVRILGHQWLI\LQJHPRWLRQDOO\QHJDWLYHYLVXDOVWLPXOL






































,QWURGXFWLRQ (YHQWUHODWHG SRWHQWLDOV (53V DQG ([SORUDWRU\ H\H
PRYHPHQWV ((0V KDYH EHHQ VWXGLHG DV D ELRORJLF PDUNHU RI LQIRUPD
WLRQ SURFHVVLQJ 3 DPSOLWXGH UHGXFWLRQ LV DPRQJ WKH PRVW FRQVLVWHQW
ELRORJLFREVHUYDWLRQVLQVFKL]RSKUHQLFSDWLHQWVDVERWKD WUDLWPDUNHUDQG
DVWDWHPDUNHU+RZHYHUIHZUHSRUWVKDYHGHVFULEHGHIIHFWVRIIDFLDODIIHFW
UHFRJQLWLRQ RQ FRJQLWLYH IXQFWLRQ DV UHÀHFWHG E\ (53V7KH SUHVHQW VWXG\
FRPSDUHGWKHHIIHFWVRIIDFLDODIIHFWLYHVWLPXOLRQYLVXDO(53V((0VI05,
LQVFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\VXEMHFWV
0HWKRGV 9LVXDO (53V ZHUH UHFRUGHG XVLQJ DQ RGGEDOO SDUDGLJP LQ 




DV VRRQDV WKH\DSSHDUHG DQGPHQWDO FRXQW WR WDUJHW VWLPXOL((0VZHUH


















&RQFOXVLRQV7KHVH UHVXOWV LQGLFDWH WKDWSDWLHQWVZLWK VFKL]RSKUHQLDKDYH
FRJQLWLYHLPSDLUPHQWDQGWKDW(53V((0VDQGI05,DUHDPDUNHUXVHIXO
IRUHYDOXDWLRQRISDWLHQWVZLWKVFKL]RSKUHQLD7KHVHGLIIHUHQFHVRI WKHHI




%ODFNZRRG '  3 D VWDWH DQG D WUDLW PDUNHU LQ VFKL]RSKUHQLD
/DQFHW
0DWKDORQ'+)RUGQ-03IHIIHUEDXP$7UDLWDQGVWDWHDVSHFWVRI
3 DPSOLWXGH UHGXFWLRQ LQ VFKL]RSKUHQLD D UHWURVSHFWLYH ORQJLWXGLQDO
VWXG\%LRO3V\FKLDW
























LQGHSHQGHQW DSSURDFK WR FRPSDUH EUDLQ YROXPHV LQ SV\FKRSDWK\ LQ FRP
SDULVRQWRFRQWUROV
0HWKRGV 7R DVVHVV ZKHWKHU SDUWLFLSDQWV ZLWK SV\FKRSDWK\ DFFRUGLQJ WR
+DUHCVSV\FKRSDWK\&KHFNOLVW±UHYLVHGYHUVLRQ3&/5VKRZDEQRUPDOL
WLHVLQEUDLQVWUXFWXUHZHXVHGYR[HOEDVHGPRUSKRPHWU\9%0DVRSKLV








&RQFOXVLRQV 7KLV LV WKH ¿UVW VWXG\ WR VKRZ LQ D REMHFWLYH ZKROH EUDLQ
LQYHVWLJDWLRQ WKDW SV\FKRSDWK\ LV DVVRFLDWHG ZLWK D YROXPH ORVV LQ ULJKW
VXSHULRU WHPSRUDO J\UXV 3UHIURQWDO YROXPH ORVV LQ SV\FKRSDWK\ FRXOG EH
FRQ¿UPHGZLWKORZHUVLJQL¿FDQFH7KHVH¿QGLQJVVXSSRUWDQHXURELRORJLFDO















2EMHFWLYHV$ UHFHQW VWXG\ RI QHXURQ QXPEHU LQ WKH OLPELF WKDODPXV RI












0HWKRGV PDOH FRQWUROV DQGPDOH SDWLHQWV XQGHUZHQW05, 6WXGLHV
ZHUH SHUIRUPHG RQ D 7 6LHPHQV9,6,2105,056 V\VWHP05, VH
TXHQFHVLQFOXGHG7ZHLJKWHGVFRXWYLHZVLQWKHVDJLWWDOFRURQDODQG








VOLFH WKLFNQHVVRULHQWHGSHUSHQGLFXODU WR WKH'6(4XDQWLWDWLYH WKDODPLF
DQG'/3)&YROXPLQJZDVSHUIRUPHGE\DVLQJOHRSHUDWRUXVLQJ LQKRXVH
VRIWZDUH




ULJKW WKDODPXV DQG (6   OHIW WKDODPXV:H DOVR QRWHG D ODWHUDOL]HG
DV\PPHWU\ULJKWWKDODPXVJUHDWHUWKDQOHIWWKDODPXVS DPRQJWKH
WZRJURXSV7KHUHZDVQRGLIIHUHQFHLQ'/3)&YROXPHVEHWZHHQWKHWZR
JURXSV:HGLG¿QGKRZHYHU D VLJQL¿FDQW FRUUHODWLRQEHWZHHQ ULJKW WKD
ODPLFYROXPHVDQGULJKW'/3)&YROXPHVLQWKHFRQWUROV5 S 


























0HWKRGV PDOH FRQWUROV  IHPDOH FRQWUROV PDOH SDWLHQWV DQG 
IHPDOHSDWLHQWVXQGHUZHQW05,6WXGLHVZHUHSHUIRUPHGRQD76LHPHQV
9,6,2105,056V\VWHP05,VHTXHQFHVLQFOXGHG7ZHLJKWHGVFRXW
YLHZV LQ WKH VDJLWWDO FRURQDO DQG D[LDO SODQHV IRU SRVLWLRQLQJ05, DQG
056, VOLFHV $[LDO7ZHLJKWHG LPDJHV IURPGRXEOH VSLQ HFKR '6(







PDOHV WKDQ FRQWUROV 7KHUH ZDV DOVR D VLJQL¿FDQW ODWHUDOL]HG DV\PPHWU\
ULJKWSXWDPHQJUHDWHUWKDQOHIWSXWDPHQS LQWKHPDOHV3XWDPHQ
YROXPHV LQ WKH IHPDOHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW EHWZHHQ WKH WZR
JURXSV EXW PHDQ OHIW SXWDPHQ YROXPH ZDV VOLJKWO\ JUHDWHU LQ GHSUHVVHG
IHPDOHV WKDQ FRQWUROV 7KHUH ZDV QR ODWHUDOL]HG DV\PPHWU\ LQ SXWDPHQ












ZDV VOLJKWO\ EXW QRW VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVHG PDOHV DQG IHPDOH













QLD &ODULI\LQJ WKH QHXURELRORJLFDO VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ






EXW VLJQL¿FDQWYROXPH UHGXFWLRQV LQ WKHDP\JGDODDQGKLSSRFDPSXVKDYH
EHHQUHSRUWHGLQDQXPEHURIYROXPHWULFPDJQHWLFUHVRQDQFHLPDJLQJ05,
VWXGLHVRIVFKL]RSKUHQLD+RZHYHU WKHUHKDYHEHHQ OLWWOH05,VWXGLHV WKDW
LQYHVWLJDWHGWKHPHGLDOWHPSRUDOYROXPHLQVFKL]RW\SDOVXEMHFWV




WKH DP\JGDOD KLSSRFDPSXV DQG SDUDKLSSRFDPSDO J\UXVZHUH SHUIRUPHG
XVLQJFRQVHFXWLYHPPWKLFNFRURQDOVOLFHV
5HVXOWV&RPSDUHGZLWKWKHFRQWUROVWKHELODWHUDOYROXPHVRIWKHDP\JGDOD
DQG WKH KLSSRFDPSXVZHUH UHGXFHG ERWK LQ WKH SDWLHQWV ZLWK VFKL]RW\SDO
GLVRUGHUDQGWKHSDWLHQWVZLWKVFKL]RSKUHQLD7KHUHZDVQRVLJQL¿FDQWGLI
IHUHQFH LQ WKH YROXPH RI WKH DP\JGDOD DQG KLSSRFDPSXV EHWZHHQ WKH
VFKL]RW\SDODQGVFKL]RSKUHQLDSDWLHQWV7KHSDUDKLSSRFDPSDOJ\UXVYROXPH
GLGQRWGLIIHUVLJQL¿FDQWO\EHWZHHQGLDJQRVWLFJURXSV
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW YROXPH UHGXFWLRQV LQ WKH DP\
























RIEORRGÀRZ LQ WKH OHIW LQIHULRUSDULHWDO OREXOH VXSUDPDUJLQDOJ\UXVDQG
DQJXODU J\UXV%URGPDQQ DUHDV%$ DQG%$ WKH OHIW WHPSRUDO OREH
VXSHULRU WHPSRUDO J\UXV LQFOXGLQJ %$ DQG %$ 3  DQG WKH





%$3 DQG WKH ULJKW IURQWDO OREH%$ 37KHUHZDV
DQLQYHUVHFRUUHODWLRQEHWZHHQWKHWRWDOVFRUHVRI%356DQGWKHEORRGÀRZ
UDWHVLQWKHOHIWSDUDKLSSRFDPSDOJ\UXV%$3 
&RQFOXVLRQV7KH SUHVHQW ¿QGLQJV VXSSRUW WKH SUHYLRXV YLHZ WKDW WKH UH
GXFHGDFWLYLW\LQWKHOHIWSDULHWDOWHPSRUDODQGSDUDKLSSRFDPSDODUHDVPD\


























5HVXOWV1R GLIIHUHQFHV IRU WRWDO OHIW RU ULJKWKHPLVSKHULF EUDLQ YROXPH
:0*0ZHUH REVHUYHG+LJKHU YDULDELOLW\ RI+* GRXEOHG WUDQVYHUVH
J\UXVLQWKHULJKWKHPLVSKHUHFRPSDUHGWRWKHOHIWKHPLVSKHUHZDVSUHVHQW
LQ DOO JURXSV /HIW +*ZDV ODUJHU WKDQ ULJKW +* LQ KHDOWK\ FRQWUROV DQG
SDWLHQWV ZLWKRXW$+ ,Q WKH KDOOXFLQDWLQJ JURXS WKLV DV\PPHWU\ ZDV QRW
IRXQG5HODWLYH ODUJHU ULJKW KHPLVSKHULF+*YROXPHV LQ$+ZHUH GXH WR
KLJKHU:0YROXPHV
&RQFOXVLRQV &RPSDUHG WR KHDOWK\ FRQWUROV SDWLHQWV ZLWKRXW$+ H[KLELW












2EMHFWLYHV 7R LQYHVWLJDWH WKH UHJLRQDO VSHFL¿W\ DQG VXLWDELOLW\ RIPXOWL
FKDQQHO 1HDU,QIUDUHG 6SHFWURVFRS\ I1,56 LQ WKH GHWHFWLRQ RI FRUWLFDO
DFWLYDWLRQ
0HWKRGV 0XOWLFKDQQHO I1,56 ZDV DSSOLHG WR PHDVXUH EUDLQ DFWLYDWLRQ
GXULQJYLVXDODXGLWRU\DQGPRWRUWDVNV



























































5HVXOWV &OR]DSLQH5LVSHULGRQH WUHDWPHQW ZDV DVVRFLDWHG ZLWK D PDUNHG
PHDQ UHGXFWLRQ LQ3$166 WRWDO VFRUH SULPDU\HQGSRLQW  ,Q
WKH RYHUDOO LPSURYHPHQW UDWLQJ  RI WKH SDWLHQWV ZHUH DW OHDVW PRGHU
DWHO\ LPSURYHG 0RVW IUHTXHQWO\ UHSRUWHG DGYHUVH HYHQWV ZHUH VHGDWLRQ
K\SRWHQVLRQWDFK\FDUGLDPRVWRIZKLFKZHUHPLOGWRPRGHUDWHLQLQWHQVLW\

































DV RXWSDWLHQW DQG LQSDWLHQW VHWWLQJ7KH SDWLHQWV KDG WR KDYH D WRWDO VFRUH
!RQ3RVLWLYHDQG1HJDWLYHVFDOH±WZRSDUWVRIWKH3RVLWLYHDQG1HJDWLYH
6\QGURPH 6FDOH 3$166 DQG WR EH DEOH WR GLVFRQWLQXH FXUUHQW DQWLSV\


































HUWLHV WR LPSURYHSRVLWLYH DQGQHJDWLYH V\PSWRPVRI VFKL]RSKUHQLDZKLOH
ODFNLQJWRLQGXFHXQZDQWHGVLGHHIIHFWVVXFKDVH[WUDS\UDPLGDOV\PSWRPV
0HWKRGV 7KH QHXURSK\VLRORJLFDO WHFKQLTXH RI 7UDQVFUDQLDO 0DJQHWLF
6WLPXODWLRQ 706ZDVXVHG WRHOXFLGDWHQRQLQYDVLYHO\ WKH LQWHJULW\DQG
H[FLWDELOLW\SDWWHUQVRIQHXURQDOQHWZRUNVZLWKLQWKHPRWRUFRUWH[LQKHDOWK\
























EHQH¿WV VDIHW\ DQG WROHUDELOLW\RI DULSLSUD]ROHZLWKRODQ]DSLQH LQRXWSD
WLHQWVZLWKVWDEOHVFKL]RSKUHQLD
0HWKRGV3DWLHQWV UDQGRPL]HG WR DULSLSUD]ROHPJGD\ Q RU RODQ
]DSLQHPJGD\ Q ZHUH DVVHVVHG DW EDVHOLQH DQG:HHNV DQG




EDVHOLQH LQ VHFRQGDU\ YHUEDOPHPRU\ DW:HHNV  DQG  ERWK S
ZKLFK ZHUH VLJQL¿FDQWO\ JUHDWHU WKDQ RODQ]DSLQH %RWK DULSLSUD]ROH DQG
RODQ]DSLQH SURGXFHG D VWDWLVWLFDOO\ VLJQL¿FDQW LPSURYHPHQW DW:HHN  LQ
JHQHUDOFRJQLWLYHIXQFWLRQLQJSDQGDWUHQGWRZDUGLPSURYHPHQWDW
:HHN  S 7KHUHZHUH QR VLJQL¿FDQW FKDQJHV LQ H[HFXWLYH IXQF

























LPPXQRKLVWRFKHPLVWU\ UDWV ZHUH VDFUL¿FHG E\ GHHSO\ DQHVWKHWL]HG ZLWK
SHQWREDUELWDO DQG SHUIXVHG WUDQVFDUGLDOO\ ZLWK D ¿[DWLRQ EXIIHU &RURQDO
IUR]HQVHFWLRQVPRIWKHEUDLQVZHUHFXWRXWDQGVHFWLRQVZHUHLPPX








IDVW ÀRZ FROXPQ IRU SXOL¿FDWLRQ (DFK VDPSOH ZDV HOHFWURSKRUHVHG DQG
WKH VHSDUDWHG SURWHLQV ZHUH WUDQVIHUUHG WR QLWURFHOOXORVH PHPEUDQHV DQG
LQFXEDWHGZLWK HDFK DQWLERG\7KHQ WKH SURWHLQVZHUH GHWHFWHG XVLQJ WKH
(&/V\VWHP







&RQFOXVLRQV ([SHULPHQWDO VWXGLHV VXJJHVW WKDW %'1) H[SUHVVLRQ LV
LQGXFHG E\ FKURQLF DQWLGHSUHVVDQW WUHDWPHQWV DQG WKDW %'1) LWVHOI KDYH
DQWLGHSUHVVDQWDFWLYLW\LQDQLPDOPRGHOVRIGHSUHVVLRQ+D\QHV/(%'1)
DFWLYDWHG3,NLQDVHE\W\URVLQHNLQDVHUHFHSWHUW\SH3,NLQDVHFRQYHUWV






+D\QHV /( &KURQLF DQWLGHSUHVVDQW PHGLFDWLRQ DWWHQXDWHV GH[DP









2EMHFWLYHV 7DUGLYH G\VNLQHVLD IURP DQWLSV\FKRWLF PHGLFDWLRQV KDV QR
FOHDUO\ HIIHFWLYH WUHDWPHQW /HYHWLUDFHWDP D QRYHO DQWLHSLOHSWLF GUXJ KDV
VKRZQ DQ DQWLG\VNLQHWLF HIIHFW RQ OHYRGRSDLQGXFHG G\VNLQHVLDV ZKLFK
VKDUH VRPH SDWKRJHQHWLF DQDORJLHV ZLWK WDUGLYH G\VNLQHVLDV 7KH DFXWH
DQWLG\VNLQHWLF HIIHFWV RI /HYHWLUDFHWDP ZHUH HYDOXDWHG LQ SDWLHQWV ZLWK
WDUGLYHG\VNLQHVLD
0HWKRGV6L[SDWLHQWVZLWKWDUGLYHG\VNLQHVLDHQWHUHGDQRSHQODEHOVWXG\
DQG UHFHLYHG RUDO /HYHWLUDFHWDP  PJGD\ IRU RQH PRQWK (YDOXD
WLRQVZHUHSHUIRUPHGE\PHDQVRI$EQRUPDO,QYROXQWDU\0RYHPHQW6FDOH
$,06*RHW]'\VNLQHVLD6FDOH&OLQLFDO*OREDO ,PSUHVVLRQV &*, DQG




DQG IURP WR LQ&*, VFRUHV S
ZHUHUHSRUWHG3V\FKLDWULF UDWLQJVFRUHVGLGQRWZRUVHQDQGDGYHUVHHYHQW
SUR¿OHZDVEHQLJQ











































$ IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ LV FROOHFWHGZKLOH SDWLHQWV DQG
KHDOWK\ FRQWUROV SHUIRUPHG D 6WURRS WDVN PRGL¿HG IRU I05, DQG D*R
1R*R WDVN7KH6WURRS WDVN LV DZLGHO\ XVHGPHDVXUH RI H[HFXWLYH IXQF
WLRQLQJ ZKLFK UHTXLUHV IURQWDOO\PHGLDWHG FRJQLWLYH LQKLELWLRQ ZKLOH WKH
*R1R*RSDUDGLJPHQJDJHVDUHODWLYHO\ÄSXUH³PRWRULQKLELWLRQ






































DV OHYHO RI VLJQL¿FDQFH LQ DQ$QRYD DQDO\VLV  JHQHVZHUH IRXQG WR EH






 6RPHJHQHVZHUH RQO\ XS UHJXODWHG E\ OLWKLXP LQ WKH UDWVZKLFKZHUH
VDFUL¿FHGKRXUVDIWHUWKHODVWLQMHFWLRQZLWKOLWKLXPWKHRWKHUWKUHHJURXSV
EHLQJLGHQWLFDO
 6RPH JHQHV ZHUH XS UHJXODWHG LQ WKH OLWKLXPLQMHFWHG UDWV EXW QRW LQ
FRQWUROUDWVDQGWKHOLWKLXPIHGUDWV
6RPHJHQHVZHUHXS UHJXODWHG LQ WKH OLWKLXPLQMHFWHG UDWVEXWRQO\
KRXUVDIWHUWKHODVWLQMHFWLRQZLWKOLWKLXP
&RQFOXVLRQV:KHQPHDVXULQJ OLWKLXP HIIHFWVZLWK WKH ³VKRW JXQ´PLFUR




















H[SODLQLQJ D SHUVRQCV EHKDYLRU LQ WHUPV RI EHOLHI ZH KDYH WR UHFRJQL]H
WKDWWKLVEHOLHIPLJKWQRWFRUUHVSRQGWRUHDOLW\RUWRRXUSHUVSHFWLYHRQWKH
ZRUOG6HYHUDOIXQFWLRQDOLPDJLQJVWXGLHVLQGLFDWHWKDWWKHDELOLW\RIEHOLHI






5HVXOWV7KH WUXH DQG WKH IDOVH EHOLHI FRQGLWLRQ DFWLYDWH WKHELODWHUDO FLQ
JXODWHFRUWH[DQG WKHVXSHULRUH IURQWDOFRUWH[%XWRQO\ LQ WKH IDOVHEHOLHI
FRQGLWLRQ ZH IRXQG PRUH DFWLYDWLRQ LQ WKH ULJKW LQVXOD DQG WKH DQWHULRU
SDUDFLQJXODWHFRUWH[
&RQFOXVLRQV7KHVHUHVXOWVVXSSRUWWKHNH\UROHRIWKHDQWHULRUSDUDFLQJXODWH









2EMHFWLYHV&ORWLDSLQH LV D QHXUROHSWLFZLWK FKHPLFDO VWUXFWXUH VLPLODU WR
FOR]DSLQH ,W LV RIWHQ VDLG WKDW SDWLHQWV XQUHVSRQVLYH WRRWKHUQHXUROHSWLFV
UHVSRQG WR FORWLDSLQH +RZHYHU DIWHU WKH GLVFRYHU\ RI ' EORFNDGH DV
D PHFKDQLVP RI QHXUROHSWLF HI¿FDF\ WKLV FODLP VHHPHG WR ODFN ORJLFDO
WKHRUHWLFDO EDVLV 7KH VXFFHVV RI FOR]DSLQH LQ SDWLHQWV XQUHVSRQVLYH WR
RWKHUGRSDPLQHEORFNHUVUDLVHGKRSHVIRUWKHGLVFRYHU\RIQHZDQWLSV\FKRWLF
GUXJVZLWKQHZPHFKDQLVPVRI DFWLRQ6HYHUDO FOR]DSLQHOLNH FRPSRXQGV
KDYHEHHQLQWURGXFHGRUDUHLQWKHSURFHVVRIEHLQJLQWURGXFHGDOWKRXJKWKH
ELRFKHPLFDOEDVLVRIFOR]DSLQHµVXQLTXHSURSHUWLHVLVVWLOOXQNQRZQ
0HWKRGV:H FRQGXFWHG D VWXG\ RI VHYHUH FKURQLF DFWLYH SV\FKRWLF KRV
SLWDOL]HGSDWLHQWVZLWKDKLVWRU\RIQRQUHVSRQVH WRDW OHDVWQHXUROHSWLFV
7KH GHVLJQ ZDV GRXEOHEOLQG FURVVRYHU RI FORWLDSLQH DV PRQRWKHUDS\ YV
FKORUSURPD]LQHDVPRQRWKHUDS\1RZDVKRXWZDVQHFHVVDU\IURPSUHYLRXV








&RQFOXVLRQV ,Q WKLV JURXS RI VFKL]RSKUHQLFV QR HYLGHQFHZDV IRXQG IRU
HI¿FDF\RIFORWLDSLQHRYHUFKORUSURPD]LQH
5HIHUHQFHV









2EMHFWLYHV 'LVRUJDQL]HG KHEHSKUHQLF VFKL]RSKUHQLD LV DQ XQFRPPRQ
W\SH FKDUDFWHUL]HG E\ IRUPDO WKRXJKW GLVRUGHU LQDSSURSULDWH DIIHFW DQG
















((* LQ GLIIHUHQW FRQGLWLRQV DV GUXJQDLYH DQG DV RODQ]DSLQHPHGLFDWHG
DQGZHFRPSDUHGWKHUHVXOWVZLWKQRUPDOFRQWUROVXEMHFWV
5HVXOWV ,Q RXU 3(7 LQYHVWLJDWLRQ ZH IRXQG D VLJQL¿FDQWO\ LQFUHDVHG






OLVP LQ WKH ULJKW IURQWRWHPSRUROLPELF VWUXFWXUHV DV WKH VXEVWUDWH IRU WKH


























0HWKRGV FOR]DSLQH PJRQFHDGD\ZHUHDGGHG WRDQRQJRLQJVWDEOH




3DWLHQWV UHFHLYLQJ WKH FOR]DSLQH DXJPHQWDWLRQ WUHDWPHQW ZHUH DOVR WHVWHG




5HVXOWV 'DWD DQDO\VLV UHYHDOHG WKDW FOLQLFDO LPSURYHPHQW FKDQJH RI
3$166!KDVRFFXUUHG LQRISDWLHQWV GXULQJ FOR]DSLQH DXJPHQ
WDWLRQ WUHDWPHQW0RUHRYHU WKHUHZDV D VLJQL¿FDQW GHFUHDVH LQ WKHPRWRU
WKUHVKROGZKLFKZDVPHDVXUHGGD\VDIWHUWKHLQLWLDWLRQRIWKHFOR]DSLQH
WUHDWPHQW S7KH FKDQJHV LQPRWRU WKUHVKROGZHUHREVHUYHG LQ WKH
OHIWKHPLVSKHUHIRUULJKWKDQGHGSDWLHQWVZKLOHWKHULJKWKHPLVSKHUHZDV
XQDIIHFWHG
&RQFOXVLRQV /RZ GRVHV RI FOR]DSLQH ZKHQ DGPLQLVWHUHG RYHU IXOO ULV
SHULGRQH WUHDWPHQW DUH HI¿FLHQW LQ UHGXFLQJ ERWK SRVLWLYH DQG QHJDWLYH
V\PSWRPVLQ'UXJ5HVLVWDQW6FKL]RSKUHQLFSDWLHQWVZKRDUHDOVRUHVLVWDQW

































EHFDXVH RI GLIIHUHQW WKHUDSHXWLF DQG SURJQRVWLF LPSOLFDWLRQV 'RSDPLQH






GRSDPLQH WUDQVSRUWHUV ZLWK >,@)3&,7 63(7 LQ GLIIHUHQWLDWLQJ SDWLHQWV
ZLWKSUHV\QDSWLFSDUNLQVRQLVPIURPWKRVHZLWKRWKHUIRUPVRISDUNLQVRQLVP
(XU-1XFO0HG














UHSRUWHG WKDW DW\SLFDO DQWLSV\FKRWLFV FDQ FDXVH HYHQGLDEHWLF NHWRDFLGRVLV
'.$ZKLFKPD\RFFXUVHDUO\LQWKHWUHDWPHQWDQGPD\QRWEHDVVRFLDWHG
ZLWKZHLJKWJDLQ
&DVH 5HSRUW 0U 06 D \HDUVROGPDQ GLHG LQ VHYHUH '.$ /DVW
 \HDUV KHZDVZLWK VHYHUDO SV\FKRWLF HSLVRGHV ,Q WKH EHJLQQLQJ KHZDV
WUHDWHG ZLWK FODVVLFDO DQWLSV\FKRWLFV:LWK 5LVSHULGRQH ZDV WUHDWHG 6HS
'HFPJGD\DQG)HE0D\PJGD\)LUVWV\PSWRPVRI'0






L]HG VHYHUDO WLPHV LQ VLPLODU FRQGLWLRQV )LQDOO\ RQ WK RI -XQH  KH
FRPHVLQVHYHUH'.$DQGGLHGRQO\KRXUVDIWHUDGPLWWLQJLQWKH&OLQLF






















VFKL]RSKUHQLF LQSDWLHQWV ZLWK ULVSHULGRQH RUDO WDEOHWV ZLWK HTXDOLW\ RI
RULJLQDODQWLSV\FKRWLFVDQGFRPSOLDQFHRILQSDWLHQWVWKHHI¿FDF\DQGVDIHW\
EHWZHHQ 5/$, DQG RUDO ULVSHULGRQH FDQ EHHQ FRPSDUHG FRQVFLHQWLRXVO\
EHFDXVH5/$,LVPRUHH[SHQVLYHWKDQRUDOULVSHULGRQH
0HWKRGV )LIW\ V\PSWRPDWLFDOO\ VWDEOH VFKL]RSKUHQLD LQSDWLHQWVZLWK RUDO
ULVSHULGRQHPRUHWKDQPRQWKVZHUHUDQGRPO\DVVLJQHGWRFRQWLQXHULVS
HULGRQHRUDOWDEOHWVRUUHFHLYH5/$,PJPJDQGPJZLWKGRVH
HTXLYDOHQF\ VZLWFKLQJ PHWKRG 7KH PHDVXUHPHQW RI HI¿FDF\ DQG VDIHW\
ZHUHFKDQJHVLQ3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166&OLQLFDO
*OREDO,PSUHVVLRQ&*,VHYHULW\VFDOH*OREDO$VVHVVPHQWRI)XQFWLRQLQJ
*$)$EQRUPDO ,QYROXQWDU\0RYHPHQW 6FDOH $,06 6LPSVRQ$QJXV




5HVXOWV )RUW\QLQH SDWLHQWV FRPSOHWHG WKH VWXG\ZLWK FRPSOHWLRQ UDWH RI
7KH EDVHOLQH FKDUDFWHULVWLFVZHUH VLPLODU IRU WKHVH WZR JURXSV DQG
FOLQLFDO HI¿FDF\ PDLQWDLQHG VWDEOH GXULQJ WKH VWXG\ SHULRG 7KH 5/$,
VKRZHG VLJQL¿FDQWO\ LPSURYHG 8.8 VLGH HIIHFW SUR¿OH  YV 
S  WKDQ RUDO 5LVSHULGRQH ZLWK DOO VXEVFRUH JRW LPSURYHG DQG WKH





&RQFOXVLRQV 6\PSWRPDWLFDOO\ VWDEOH SDWLHQWV FDQ EH VPRRWKO\ VZLWFKHG
IURP RUDO ULVSHULGRQH WDEOHW WR 5/$, ZLWK GRVH HTXLYDOHQF\ VZLWFKLQJ






)OHLVFKKDFNHU :: (HUGHNHQV 0 .DUFKHU . HW DO  7UHDWPHQW
RI VFKL]RSKUHQLD ZLWK ORQJDFWLQJ LQMHFWDEOH ULVSHULGRQH D PRQWK




















&URDWLDZHUH VHOHFWHG DV WKH VDPSOH IRU WKLV VWXG\ )URP WKH SDWLHQWV LQ
FOXGHGLQWKHVWXG\ZHUHPDOHVZHUHIHPDOHV









DXWKRUV DQDO\VHGZKHWKHU WKHSDWLHQWVKDGSUHYLRXVSV\FKLDWULFKLVWRU\ DV
ZHOODVWKHORFDOL]DWLRQRIEXUQV
5HVXOWV 3V\FKRWURSLF DJHQWV KDYH EHHQ SUHVFULEHG IRU DOO SDWLHQWV 7KH
PHGLFDWLRQ PRVW IUHTXHQWO\ SUHVFULEHG LQ WUHDWLQJ DQ[LHW\ ZDV GLD]HSDP
Q 0LGD]RODPZDVUHDGLO\XWLOL]HGLQWKHSUHRSHUDWLYHWUHDW
PHQWDQGIRUWKHVHGDWLRQRISDWLHQWVZLWKPHFKDQLFDOO\DVVLVWHGYHQWLODWLRQ
$PRQJ K\SQRWLFV SDWLHQWV ZHUH PRVWO\ WUHDWHG ZLWK ]ROSLGHP 









DORQH LV UDUHO\ VXI¿FLHQW WR SURYLGH FRPSOHWH UHPLVVLRQ RI SV\FKRORJLFDO
GLVWXUEDQFHVRIEXUQSDWLHQWV)XUWKHUUHVHDUFKRQHI¿FDF\DQGLQWHUDFWLRQV
RISV\FKRWURSLFGUXJVZLOOKHOSXV LQRXUFOLQLFDOZRUN ,W LVQHFHVVDU\ WR


















%DFNJURXQG 1HXURFRJQLWLYH IXQFWLRQ KDV JDLQHG LQFUHDVLQJ UHFRJQLWLRQ
DVDQLPSRUWDQWIDFWRULQWKHFRXUVHRIELSRODUGLVRUGHU$QXPEHURIVWXG
LHVKDYHSURSRVHGWKDWFRJQLWLYHSHUIRUPDQFHPD\SOD\DUROHLQWKHRQVHW
RI WKH LOOQHVVZKLOH DGGLWLRQDO VWXGLHV KDYHKLJKOLJKWHG WKH LPSRUWDQFHRI
QHXURFRJQLWLYH DELOLW\ LQ WUHDWPHQW RXWFRPH 7KH FXUUHQW LQWHUQDWLRQDO
LQYHVWLJDWLRQ H[DPLQHG QHXURFRJQLWLYH SHUIRUPDQFH DQG FOLQLFDO RXWFRPH
SURVSHFWLYHO\ LQ  ELSRODU SDWLHQWV HQWHUHG LQ D GRXEOH EOLQG ZHHN
PXOWLVLWHVWXG\RIRODQ]DSLQHYHUVXVOLWKLXPZKRFRPSOHWHGQHXURFRJQLWLYH
WHVWLQJDQGUDWLQJVRIFOLQLFDOV\PSWRPV
0HWKRGV 3DWLHQWVZHUH VWUDWL¿HG E\ ERWK WUHDWPHQW DQG UHODSVH VWDWXV LQ
RUGHUWRLGHQWLI\WKHFKDQJHVLQFRJQLWLYHSURFHVVLQJDELOLW\DVVRFLDWHGZLWK




RQ<056 RU +$0' FKDQJH VFRUHV WKH\ GLG GHPRQVWUDWH D QXPEHU RI
VLJQL¿FDQWFKDQJHVRQFRJQLWLYHSHUIRUPDQFH2QWKH5H\$XGLWRU\9HUEDO
/HDUQLQJ7HVW 5$9/7 WKH OLWKLXP WUHDWHG JURXS VKRZHG D VLJQL¿FDQWO\
JUHDWHULPSURYHPHQWLQUHFDOORIWKH¿UVWZRUGOLVWS DQGDWUHQGIRU
LPSURYHG WRWDO UHFDOO S  FRPSDUHG WR WKRVH WUHDWHGZLWK RODQ]DSLQH








&RQFOXVLRQV ,PSURYHGRUJDQL]DWLRQDO FDSDFLW\ DQG LPPHGLDWH UHFDOOZDV
VHHQLQOLWKLXPWUHDWHGSDWLHQWVZKHUHDVLPSURYHGDWWHQWLRQDOFDSDFLW\ZDV
VHHQ LQ WKH RODQ]DSLQH WUHDWHG SDWLHQWV 7KHVH ¿QGLQJV VXJJHVW WKDW ERWK










VZLWFKLQJIURPSUHYLRXVDQWLSV\FKRWLFV WR ORQJDFWLQJ ULVSHULGRQHZLWKRXW















LWHP6KRUW)RUP+HDOWK6XUYH\ 6)ZHUHXVHG WR DVVHVV V\PSWRP
DQG JOREDO LPSURYHPHQW 6DIHW\ZDV HYDOXDWHG WKURXJK GRFXPHQWDWLRQ RI
FRQFRPLWDQWPHGLFDWLRQV DVVHVVPHQWZLWK WKH ([WUDS\UDPLGDO 6\PSWRPV












 )ROORZ8S  6LJQL¿FDQW FRQWLQXRXV V\PSWRP GHFUHDVH S 6LJQL¿FDQW
FRQWLQXRXVV\PSWRPGHFUHDVHS
)LJXUH0HDQ3$166)DFWRU6FRUHVDW(DFK9LVLWQ 













7ZHQW\ SHUFHQW RI SDWLHQWV WRRN DQWLSDUNLQVRQLDQ PHGLFDWLRQV DQG H[
WUDS\UDPLGDOVLGHHIIHFWVLQWKHWULDOZHUHORZ3DWLHQWVVKRZHGVWDWLVWLFDOO\





























&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW ORQJDFWLQJ ULVSHULGRQH SURYLGHV
V\PSWRPUHOLHIVXEVWDQWLDOO\LPSURYHVIXQFWLRQLQJDQGLVVDIHDVWUHDWPHQW







$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ'LDJQRVWLF DQG VWDWLVWLFDOPDQXDO RI
PHQWDOGLVRUGHUV)RXUWK(GLWLRQ:DVKLQJWRQ'&$3$
 &VHUQDQVN\ -*0DKPRXG5%UHQQHU5 IRU WKH5LVSHULGRQH86$ 
6WXG\*URXS$FRPSDULVRQRIULVSHULGRQHDQGKDORSHULGROIRUWKHSUHYHQ






















]DSLQH TXHWLDSLQH ULVSHULGRQH DQG VHUWLQGROH FRPSDUHG WR FRQYHQWLRQDO
DQWLSV\FKRWLFVDQGSODFHER$PHWDDQDO\VLVRIUDQGRPL]HGFRQWUROOHGWULDOV
6FKL]RSKU5HV






 0RVE\µV 'UXJ &RQVXOW 5LVSHULGRQH >2QOLQH@ F  >FLWHG 











QLVPV RI DFWLRQ RI DW\SLFDO DQWLSV\FKRWLFV - &OLQ 3V\FKLDWU\  

.DQH-0(HUGHNHQV0/LQGHQPH\HU-3HWDO/RQJDFWLQJ LQMHFWDEOH
ULVSHULGRQH HI¿FDF\ DQG VDIHW\ RI WKH ¿UVW ORQJDFWLQJ DW\SLFDO DQWLSV\
FKRWLF$P-3V\FKLDWU\
&KXH3(HUGHNHQV0$XJXVW\XQV,HWDO(I¿FDF\DQGVDIHW\RIORQJ
























 %URZQH 6 5RH 0 /DQH $ HW DO 4XDOLW\ RI OLIH LQ VFKL]RSKUHQLD

















REMHFWLYHRI WKLV VWXG\ZDV WR DVVHV WKH VDIHW\RI5LVSHULGRQH ORQJDFWLQJ
LQMHFWDEOH5/$,LQ¿UVWHSLVRGHSV\FKRVLVLQDQRSHQODEHOGHVLJQ







ZHUHPJQ Q DQGPJQ $GYHUVHHYHQWVQ ZHUH







































RULHQWLQJH[SORUDWRU\ EHKDYLRU ZDV REYLRXV DV FRPSDUHG WR WKH FRQWURO
JURXS DQLPDOV (YLGHQWO\ 3LWXLWULQ GHFUHDVHV WKH VWUHVVLQGXFHG DQ[LHW\
UHVSRQVHVDQGUHVXOWVLQQRUPDOL]DWLRQRIWKHDQLPDOV¶HPRWLRQDOVWDWXV7KH
H[SHULPHQWV KDYH VKRZQ WKDW RQ WKH EDFNJURXQG RI GDLO\ LQWUDSHULWRQHDO
DGPLQLVWUDWLRQRI3LWXLWULQDQDFFHOHUDWHGLQFUHDVHRIDYRLGDQFHUHVSRQVHV¶
G\QDPLF LQGLFHV ZDV REYLRXV 6WDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
WKHFRQWURODQGH[SHULPHQWDODQLPDOVZDVUHYHDOHGDWDQLQLWLDOVWDJHRIWKH






OLQNFUHDWHV WKHRSWLPDOFRQGLWLRQV IRU OHDUQLQJDQGPHPRU\SURFHVVHV LQ




%HKDYLRUDO FRQVHTXHQFHVRI LQWUDFHUHEUDOYDVRSUHVVLQDQGR[\WRFLQ IRFXV
RQOHDUQLQJDQGPHPRU\1HXURVFL%LREHKDY5HY
9RVNUHVHQVNDLD 2 7LWRY 6 .DPHQVNLL$ *ROXERYLFK 9$VKPDULQ








2EMHFWLYHV 7KH JRDO RI WKH VWXG\ ZDV WR WHVW GLIIHUHQFHV LQ V\PSWRPV
UHODSVH DQG WR HYDOXDWH VDIHW\ LQ  SDUDOOHO WUHDWPHQW JURXSV ULVSHULGRQH
±PJGD\DQGSODFHERRYHU DPRQWKSHULRG IROORZLQJDQ LQLWLDO







WUHDWHG SDWLHQWV NJ UHFHLYHG ± PJGD\ DQG NJ UHFHLYHG





5HVXOWV  SDWLHQWV DYHUDJH ,4  HQWHUHG WKH VWXG\$W 





TXDUWLOHV RI UHODSVH WLPH WRZKHQ  VXEMHFWV UHODSVHG LQ WKH SODFHER
DQGULVSHULGRQHWUHDWPHQWJURXSVZHUHDQGGD\VUHVSHFWLYHO\$W
PRQWKV WKH.DSODQ0HLHU UHODSVH HVWLPDWHVZHUH SODFHERYHUVXV
ULVSHULGRQHS6HFRQGDU\HI¿FDF\PHDVXUHVDOVRIDYRXUHG
ULVSHULGRQH7KHPRVWFRPPRQDGYHUVHHYHQWVZHUHXSSHUUHVSLUDWRU\WUDFW




&RQFOXVLRQV 7KHVH GDWD VXSSRUW ULVSHULGRQH IRU ORQJWHUP WUHDWPHQW RI
'%'VDQGH[WHQGSULRUUHVXOWVWRSDWLHQWVZLWKDYHUDJH,47KLVVWXG\VXJ
















0HWKRGV 3DWLHQWV VWDEOH IRU  PRQWK EXW UHTXLULQJ D FKDQJH LQ DQWLS













&*,6 LPSURYHGVLJQL¿FDQWO\ S LQERWKJURXSVDQG WKHSURSRU




















2EMHFWLYHV 7KH PDLQWDLQHG HI¿FDF\ DQG VDIHW\ RI ORQJDFWLQJ LQMHFWDEOH










SLHV FRQVLVWHG RI DW\SLFDO  FRQYHQWLRQDO GHSRW  DQG FRQYHQ
WLRQDORUDODQWLSV\FKRWLFVRISDWLHQWVKDGEHHQRQPRQRWKHUDS\
RQSRO\WKHUDS\5HDVRQVIRU WUHDWPHQWFKDQJHVZHUHQRQFRPSOLDQFH
 LQVXI¿FLHQWHI¿FDF\DGYHUVHHIIHFWV RURWKHU UHDVRQV
$VLPLODUSHUFHQWDJHRIVFKL]RDIIHFWLYHSDWLHQWVFRPSOHWHGWKHWULDO
FRPSDUHGZLWKWKHWRWDOJURXSLQERWKJURXSV7KHUHZHUHVLJQL¿FDQW


























2EMHFWLYHV 7KLV VWXG\ ZDV SHUIRUPHG WR H[SODLQ WKH UHVLVWDQFH RI UDWV
LQMHFWHG VXEFXWDQHRXVO\ VFZLWK ULVSHULGRQH WKH DW\SLFDO DQWLSV\FKRWLF
GUXJIRUFRQVHFXWLYHGD\VDWPJNJGD\DGRVHHTXLYDOHQWWRWKHRQH
XVHGIRUSDWLHQWV WRJDLQDQH[FHVVLYHERG\ZHLJKWGHVSLWH WKH LQFUHDVH LQ









H[SUHVVLRQ OHYHOV LQ WKHVH WLVVXHV DQG RUJDQV RI WKH JHQHV HQFRGLQJ WKH
VXEVWDQFHVLQYROYHGLQKHDWSURGXFWLRQDQGRUOLSLGPHWDEROLVPZHUHLQYHV
WLJDWHGE\XVLQJTXDQWLWDWLYHUHDOWLPH3&5DPSOL¿FDWLRQ
5HVXOWV 5LVSHULGRQH PJNJ VF LQMHFWLRQ SURGXFHG D K\SRWKHUPLD
LQ UDWVZKLFKZDVREVHUYHGGXULQJ WKHGDLO\ LQMHFWLRQ IRU FRQVHFXWLYH
GD\V 6HUXP QRQHVWHUL¿HG IDWW\ DFLG OHYHOV LQ ULVSHULGRQH PJNJGD\
VF LQMHFWHG UDWV ZHUH VLJQL¿FDQWO\ ORZHU WKDQ WKRVH LQ YHKLFOHLQMHFWHG
RQHV6HUXPEHWDK\GUR[\EXW\UDWHOHYHOVLQULVSHULGRQHLQMHFWHGUDWVWHQGHG
WRGHFUHDVHFRPSDUHGZLWKWKRVHLQYHKLFOHLQMHFWHGRQHV7KHVHUXPOHYHO


























0HWKRGV$ SURVSHFWLYH PXOWLFHQWHU REVHUYDWLRQDO VWXG\ ZDV SHUIRUPHG
2XWSDWLHQWVZLWKVFKL]RSKUHQLDZHUHHYDOXDWHGDWEDVHOLQHDQGDIWHUDQG
PRQWKV(I¿FDF\ZDV DVVHVVHGXVLQJ WKH%ULHI3V\FKLDWULF5DWLQJ6FDOH
%356 DQG WKH VHYHULW\ RI GLVHDVHZDV HYDOXDWHG XVLQJ &OLQLFDO *OREDO
,PSUHVVLRQ6FDOHV&*,DQG&*,&
5HVXOWV$ WRWDO RI  SDWLHQWV  PDOH PHDQ DJH  \HDUV ZLWK
D GLDJQRVLV RI VFKL]RSKUHQLD ZHUH HQUROOHG 2I  SDWLHQWV  KDG
SDUDQRLG  XQGLIIHUHQWLDWHG  GLVRUJDQL]HG DQG  UHVLGXDO
VFKL]RSKUHQLD5HDVRQV IRU WUDQVLWLRQ WR ORQJDFWLQJ ULVSHULGRQHZHUH ODFN
RI FRPSOLDQFH  ODFN RI HI¿FDF\  DQG ODFN RI WROHUDELOLW\
 RI WKH SUHYLRXV DQWLSV\FKRWLFPHGLFDWLRQ$W HQGSRLQW RI
WKHSDWLHQWVUHFHLYHGLQWUDPXVFXODUJOXWHDOLQMHFWLRQVRIORQJDFWLQJULVS
HULGRQHPJUHFHLYHGPJDQGUHFHLYHGPJ&OLQLFDO
V\PSWRPV LQ%356 LPSURYHG VLJQL¿FDQWO\ IURP  DW EDVHOLQH WR
DWHQGSRLQWS7KH%356VXEVFDOHVDQ[LHW\GHSUHVVLRQ
KRVWLOLW\VXVSLFLRXVQHVV DQHUJLD DQG WKRXJKW GLVWXUEDQFH DOVR LPSURYHG
VLJQL¿FDQWO\SYVEDVHOLQHIRUHDFKVXEVFDOH6HYHULW\RIGLVHDVH
&*,6 ZDV UHGXFHG IURP  WR  S )XUWKHUPRUH
RI WKH SDWLHQWVZHUH UDWHG DV ³YHU\PXFK´RU ³PXFK´ LPSURYHG DW




















SUHYLRXV WUHDWPHQW IRU DW OHDVW PRQWK UHFHLYHG ULVSHULGRQH ORQJDFWLQJ
PJLQFUHDVLQJWRPJRUPJLIQHFHVVDU\LQMHFWHGHYHU\RWKHU
ZHHNIRUPRQWKV
5HVXOWV$PRQJ  SDWLHQWV RI PHDQ DJH  \HDUV PDOH  KDG
VFKL]RSKUHQLD  SDUDQRLG  XQGLIIHUHQWLDWHG VXEW\SH  KDG
SUHYLRXVO\UHFHLYHGDW\SLFDODQWLSV\FKRWLFVKDGEHHQRQFRQYHQWLRQDO


















2QH SDWLHQW UHSRUWHG LPSRWHQFH 7RWDO (656 DQG SDUNLQVRQLVP VFRUHV
VKRZHGDVLJQL¿FDQWLPSURYHPHQWIURPEDVHOLQHS






























5HVXOWV 7KHUH ZDV D VLJQL¿FDQW LQFUHDVH LQ SODVPD OHYHO RI ,/ EHIRUH
PHDQ SJPO6' DQG DIWHU WKHGD\VRI YDOSURDWH WUHDWPHQW
PHDQ  SJPO 6'  :LOFR[RQ VLJQHG UDQNV WHVW 37KH
PHDQ SODVPD OHYHO RI YDOSURLF DFLG ZDV  PRO/ 6'  )XU
WKHUPRUH WKHUHZDV D VLJQL¿FDQW SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH SODVPD





















2EMHFWLYHV 6FKL]RSKUHQLF SDWLHQWV FKURQLFDOO\ WUHDWHGZLWK DQWLSV\FKRWLF
PHGLFDWLRQVFDQJDLQZHLJKWDQGPDQLIHVWVRPHLPSRUWDQWPHWDEROLFDEQRU































2EMHFWLYHV ,W KDV EHHQ VKRZQ WKDW GLHWDU\ WU\SWRSKDQ GHSOHWLRQ PD\
VSHFL¿FDOO\ UHGXFHEUDLQ+7 IXQFWLRQ5DSLG UHGXFWLRQRIXS WR LQ
SODVPDWU\SWRSKDQOHYHOFDQEHDFFRPSOLVKHGE\DGPLQLVWHULQJDQRUDOWU\S
WRSKDQIUHH DPLQR DFLG VROXWLRQ ZKLFK LQGXFHV KHSDWLF SURWHLQ V\QWKHVLV
DQG WKHUHE\GHSOHWHVDYDLODEOHSODVPD WU\SWRSKDQ6WXGLHV LQGLFDWH WKDW LQ





KRXUV RI WKHLU KRVSLWDOL]DWLRQSDWLHQWV DUH UDQGRPL]HG WR WKH WUHDWPHQW





























































¿[HG GRVHV RI    DQG PJGD\ RODQ]DSLQH DPRQJ SDWLHQWV ZLWK
VFKL]RSKUHQLD:HLJKW FKDQJH IURP EDVHOLQH ZDV DQDO\]HG ZLWK D PL[HG
PRGHOUHSHDWHGPHDVXUHVPHWKRGXVLQJWUHDWPHQWRODQ]DSLQHGRVHZHHN
WUHDWPHQWE\ZHHNJHQGHUHWKQLF









ZHHNV S  RI WKHUDS\)URP WKH0050PRGHO RYHUDOO OHDVWVTXDUH
PHDQV6( RIZHLJKW FKDQJH IURP EDVHOLQHZHUH HVWLPDWHG WR EH 
PJPJPJDQGPJ,QDOOSDWLHQWV
DQG LQ SDWLHQWV WKDW FRPSOHWHG  ZHHNV RI WKHUDS\ WUHDWPHQWHPHUJHQW
ZHLJKW JDLQ LQ SDWLHQWV UHFHLYLQJ PJ ZDV VLJQL¿FDQWO\ JUHDWHU WKDQ
SDWLHQWV UHFHLYLQJ  RU PJ DOO SDWLHQWV S  DQG S  UHVSHFWLYHO\




ZHHNV U S RI WUHDWPHQW:HLJKWJDLQRYHU WLPH IRU HDFK
















2EMHFWLYHV (LJKW JDLQ :* KDV EHHQ REVHUYHG GXULQJ WUHDWPHQW ZLWK
DQWLSV\FKRWLFV $3$OWKRXJK YDULRXV VWHSV KDYH EHHQ WDNHQ WR PDQDJH
:*WKHHIIHFWVRIEHKDYLRUDOGLHWDU\DQGHGXFDWLRQDOLQWHUYHQWLRQVIRUWKH















D UHGXFWLRQ LQ%0,  S7KH(DWLQJ'LVRUGHU ,QYHQWRU\ (',
ZDVXVHGWRDVVHVVSDWLHQWV¶HDWLQJKDELWVHYHU\PRQWK7KHUHZDVDVWDWLVWL
FDOO\VLJQL¿FDQWLPSURYHPHQWIRULWHPVDQG
















2EMHFWLYHV&DQ HI¿FDF\EHPDLQWDLQHG LQ SV\FKRWLF SDWLHQWV IROORZLQJ D




PJ LQFUHDVHG WRPJRU PJ LI QHFHVVDU\ DW GD\ LQWHUYDOV
2ODQ]DSLQHZDVFRQWLQXHGIRUZHHNVDIWHUWKH¿UVWULVSHULGRQHLQMHFWLRQ
5HVXOWVSDWLHQWVPDOHRIPHDQDJH\HDUVZHUHLQFOXGHG
FRPSOHWHG WKH WULDO7KHPRVWFRPPRQGLDJQRVHV '60,9ZHUHVFKL]R
SKUHQLD  PRVWO\ SDUDQRLG RU VFKL]RDIIHFWLYH GLVRUGHU  7KH
PRVW FRPPRQ UHDVRQV IRU WUHDWPHQW FKDQJHZHUH QRQFRPSOLDQFH 




PRQWK PHDQ FKDQJH  SRLQWV IXUWKHU UHGXFWLRQVZHUH REVHUYHG XQWLO
HQGSRLQWPHDQFKDQJHSRLQWVS

$WDOOYLVLWV VLJQL¿FDQW UHGXFWLRQVZHUH VHHQ LQDOO3$166VXEVFDOHVDQG
LQ WKH SRVLWLYH V\PSWRPV QHJDWLYH V\PSWRPV GLVRUJDQLVHG WKRXJKWV DQG
DQ[LHW\GHSUHVVLRQ IDFWRUV DFF WR0DUGHU HW DO$W HQGSRLQW  RI KDG
DLPSURYHPHQW IURPEDVHOLQH LQ3$166WRWDO VFRUH%\&*,6 WKH
SURSRUWLRQ RI SDWLHQWV FODVVL¿HG DV µQRW LOOERUGHUOLQH LOO¶ GRXEOHG IURP
DWEDVHOLQHWRDWHQGSRLQW0HDQVFRUHVIRUSK\VLFDOIXQFWLRQLQJ
JHQHUDOKHDOWKYLWDOLW\VRFLDOIXQFWLRQLQJUROHHPRWLRQDODQGPHQWDOKHDOWK








&RQFOXVLRQV 'LUHFW LQLWLDWLRQ RI ULVSHULGRQH ORQJDFWLQJ ZDV DVVRFLDWHG
ZLWK VLJQL¿FDQW LPSURYHPHQWV RI V\PSWRPV IXQFWLRQLQJ DQG VDWLVIDFWLRQ
















0HWKRGV7KH ULVNPRGHOXVHGSDWLHQWVSHFL¿FDJHVH[ UDFH KLVSDQLFRU
QRQKLVSDQLF IDPLO\ KLVWRU\ V\VWROLF EORRGSUHVVXUH 6%3 KLJKGHQVLW\
OLSRSURWHLQ +'/ ERG\PDVV LQGH[ %0, DQG JOXFRVH WR HVWLPDWH WKH
DGMXVWHGPHDQ\HDULQFLGHQFHRIGLDEHWHV
5HVXOWV)RUWKLVVWXG\SRSXODWLRQORQJWHUPGLDEHWHVULVNDWEDVHOLQHZDV
 IRU RODQ]DSLQH Q  DQG  IRU DULSLSUD]ROH
Q  S ZLWKVLPLODU IROORZXSEHWZHHQJURXSV'LDEHWHV ULVNDW
IROORZXSZDV LQFUHDVHG IURP WR  IRU RODQ]DSLQH SDWLHQWV DQG
GHFUHDVHG IURP  WR  IRU DULSLSUD]ROH SDWLHQWV 7KH HVWLPDWHG
KD]DUGUDWLRIRUGLDEHWHVULVNDPRQJDULSLSUD]ROHSDWLHQWVYHUVXVRODQ]DSLQH
SDWLHQWVZDV S 'LIIHUHQFHV LQ%0,DQG+'/FKDQJHGXULQJ
IROORZXSEHWZHHQDULSLSUD]ROHDQGRODQ]DSLQHZHUHWKHVWURQJHVWFRQWULEX
WRUV 6ZLWFKLQJ IURP RODQ]DSLQH WR DULSLSUD]ROHZRXOG UHVXOW LQ  IHZHU
HVWLPDWHGGLDEHWHVFDVHVDPRQJK\SRWKHWLFDORODQ]DSLQHSDWLHQWV
&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW D FOLQLFDOO\ VLJQL¿FDQW QXPEHU
RI ORQJWHUPGLDEHWHV FDVHVZRXOGEH DYRLGHGE\ VZLWFKLQJSDWLHQWV IURP














VOLJKWO\ HOHYDWHGPRRG WDONDWLYHQHVV DQG LQFUHDVHG DFWLYLW\7KUHHZHHNV
ODWHU WKH SDWLHQW EHFDPH DJLWDWHG UHVWOHVV DQG SDUDQRLG WRZDUG KHU IDP








































WKH DGPLQLVWUDWLRQ RI FLWDORSUDP RQH RI 665,V SOXV SLQGRORO LQ SDWLHQWV
ZLWK PDMRU GHSUHVVLYH GLVRUGHU XVLQJ 3(7 ZLWK Į>&@PHWK\O/WU\S
WRSKDQ)RXUSDWLHQWVPDOHVDQGIHPDOHVDYHUDJHDJH6' 










3DUDPHWULF 0DSSLQJ 630 FRPSDULVRQV ZHUH PDGH LQ ZKLFK VFDQV
REWDLQHG EHIRUH DQG IROORZLQJ WKH DGPLQLVWUDWLRQ RI WKH PHGLFDWLRQ ZLWK













































&RPSRQHQW 6XPPDU\ IDFWRUV 0HDQ *$) VFRUH LPSURYHG VLJQL¿FDQWO\
SLQDOOJURXSVZKLOHVDWLVIDFWLRQZLWKWUHDWPHQWLPSURYHGS
LQ*URXSVDQG6HYHULW\RIPRYHPHQWGLVRUGHUVGHFUHDVHGVLJQL¿FDQWO\
GXULQJ WKHPRQWK VWXG\ DVGHPRQVWUDWHGE\ VLJQL¿FDQW UHGXFWLRQV IURP
EDVHOLQHWRHQGSRLQWSLQWKHWRWDOVFRUHIRUWKH(656*URXS
YV*URXSYV*URXSYV
&RQFOXVLRQV 5LVSHULGRQH ORQJDFWLQJ LQMHFWDEOH ZDV PRUH HIIHFWLYH DQG
EHWWHUWROHUDWHGWKDQWKHSUHYLRXVWUHDWPHQWZLWKRUDOULVSHULGRQHUHJDUGOHVV
RI WKH SUHYLRXV GRVH 6\PSWRPV DQG IXQFWLRQLQJ LPSURYHG VLJQL¿FDQWO\
HYHQWKRXJKSDWLHQWVZHUHFRQVLGHUHGWREHVWDEOHRQWKHLUSUHYLRXVPHGLFD




PJ PJ PJ PJ PJ PJ PJ PJ PJ
%DVHOLQH         














/$, ULVSHULGRQH 3DWLHQWV ZHUH FRQWLQXHG RQ WKHLU SUHYLRXV DQWLSV\FKRWLF
IRUZHHNVDQGZHUHWKHQWDSHUHGRII3DWLHQWVZHUHHYDOXDWHGXVLQJWKH





DPLVXOSULGH Q  RUTXHWLDSLQH Q PRVWO\GXH WRSRRU FRPSOLDQFH
 ODFN RI HI¿FDF\ RQ QHJDWLYH  RU SRVLWLYH V\PSWRPV 
/$, ULVSHULGRQH GRVHV DW HQGSRLQWZHUH PJ RI SDWLHQWV PJ
 DQGPJ 0HDQ3$166 WRWDO VFRUH GHFUHDVHG VLJQL¿FDQWO\
















2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ DQG WROHUDELOLW\ RI ULVSHULGRQH IDVW
GLVVROYLQJ WDEOHWV 5LVSHUGDO4XLFNOHW DORQH RU LQ FRPELQDWLRQZLWK D







5HVXOWV  SDWLHQWV  IHPDOH PHDQ DJH  \HDUV ZHUH HQUROOHG
 KDG SDUDQRLG VFKL]RSKUHQLD  SDWLHQWV UHFHLYHG ULVSHULGRQH LQ
FRPELQDWLRQZLWK D EHQ]RGLD]HSLQH  LQ FRPELQDWLRQZLWK D ORZSRWHQW
DQWLSV\FKRWLFSDWLHQWVZHUHWUHDWHGZLWKULVSHULGRQHDORQH,QLWLDOPHDQ
ULVSHULGRQHGRVHZDVPJGD\ DW HQGSRLQW LWZDVPJGD\


















2EMHFWLYHV 7R HYDOXDWH WROHUDELOLW\ DQG SDWLHQW VDWLVIDFWLRQ ZLWK ULVSHUL










WHULVWLFV ZHUH FRPSDUDEOH 0HDQ 5,6 GRVH DW HQGSRLQW ZDV  PJGD\
PHDQ2/$GRVH PJGD\%RWK DQWLSV\FKRWLFV VLJQL¿FDQWO\ LPSURYHG
































WKH3RVLWLYH DQG1HJDWLYH6\QGURPH6FDOH 3$166&OLQLFDO*OREDO ,P
SUHVVLRQ&*,*OREDO$VVHVVPHQWRI)XQFWLRQLQJ*$)4XDOLW\RI/LIH
6)DQGWKH([WUDS\UDPLGDO6\PSWRP5DWLQJ6FDOH(656
5HVXOWV2I SDWLHQWV HQUROOHG ZHUHPDOH0HDQ DJHZDV
\HDUVRIWKHSDWLHQWVKDGVFKL]RSKUHQLDPRVWO\SDUDQRLGW\SH
VFKL]RDIIHFWLYHGLVRUGHUDQGKDGRWKHUSV\FKRWLFGLVRUGHUV3UHYLRXV
DQWLSV\FKRWLFV ZHUH RUDO ULVSHULGRQH Q  RODQ]DSLQH Q  DPLVXO







WLRQDO DQG PHQWDO KHDOWK LPSURYHG VLJQL¿FDQWO\ 7KH SRUWLRQ RI SDWLHQW
VDWLVIDFWLRQVHOIUDWHGDV³YHU\JRRG´LQFUHDVHGIURPWRRIWKH
SDWLHQWVGLVFRQWLQXHG WKH WULDOHDUO\GXH WRDQDGYHUVHHYHQW $(DQG
GXH WR LQVXI¿FLHQW UHVSRQVH7UHDWPHQWHPHUJHQW$(VZHUHZRUVHQ
LQJRISV\FKRVLVDQGGHSUHVVLRQ0HGLDQ(656WRWDOVFRUH
LPSURYHGVLJQL¿FDQWO\IURPDWEDVHOLQHWRDWHQGSRLQWS
&RQFOXVLRQV 'LUHFW WUDQVLWLRQ IURP RUDO DW\SLFDO DQWLSV\FKRWLFV WR /$,

















LQLWLDO EDVHOLQH SRO\VRPQRJUDSKLF 36* HYDOXDWLRQV RYHU  FRQVHFXWLYH
QLJKWV IROORZHG E\ D GD\WLPH WHVW EDWWHU\ FRQVLVWLQJ RI D0XOWLSOH 6OHHS















7KH:,7 GDWD DOVR LQGLFDWHG VLJQL¿FDQW LPSURYHPHQW LQ HUURU UDWH LQ WKH
PLUWD]DSLQHJURXSDWZHHNLQDVWDQGDUGYLJLODQFHWDVN:LWKDGGLWLRQRI

















2EMHFWLYHV 7KH GHQWDWH J\UXV RI KLSSRFDPSXV GLIIHUV IURP RWKHU EUDLQ
UHJLRQVEHFDXVHRILWVDELOLW\WRJHQHUDWHQHZQHXURQVLQDGXOWKRRG7KHVH
QHZO\ERUQFHOOVRIWKHGHQWDWHJ\UXVDUHDEOHWRHLWKHUGLYLGHRUGLIIHUHQWLDWH
LQWRPDWXUH JUDQXOH QHXURQV5HFHQWO\ LWZDV K\SRWKHVL]HG WKDW GLVUXSWHG
KLSSRFDPSDOQHXURJHQHVLVPLJKWEHUHODWHGWRWKHSDWKRJHQHVLVRIGHSUHV
VLRQ $GXOW KLSSRFDPSDO QHXURJHQHVLV FDQ EH WKHUHIRUH FRQVLGHUHG DV D
SRWHQWLDOWDUJHWIRUWKHDFWLRQVRIDQWLGHSUHVVDQWV
,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG WKH HIIHFWV RI UHSHDWHG FLWDORSUDP
WUHDWPHQWRQWKHKLSSRFDPSXVGHSHQGHQWFRQWH[WXDOIHDUFRQGLWLRQLQJDQG




RU YHKLFOH$W WKH HQG RI FLWDORSUDP RU YHKLFOH WUHDWPHQW VKDPRSHUDWHG
DQG%(UDWVZHUHVXEMHFWHGWR3DYORYLDQFRQWH[WXDOIHDUFRQGLWLRQLQJKLS
SRFDPSXVGHSHQGHQW WDVN7R DVVHVV QHXURJHQHVLV D SUROLIHUDWLRQPDUNHU
EURPRGLR[\XULGLQH%UG8PJNJLSZDVDGPLQLVWHUHGDWWKHHQGRI
DQWLGHSUHVVDQWRUYHKLFOHWUHDWPHQWHIIHFWRQSUROLIHUDWLRQRUDWWKHEHJLQ
QLQJ RI DQWLGHSUHVVDQW WUHDWPHQW HIIHFW RQ VXUYLYDO DQG GLIIHUHQWLDWLRQ RI
WKHQHZO\ERUQFHOOV,PPXQRKLVWRFKHPLFDOGHWHFWLRQRIQHZO\ERUQFHOOV






SUHVHQWDWLRQ RQ FRQGLWLRQHG DQG XQFRQGLWLRQHG VWLPXOL )XUWKHUPRUH %(
UDWVGHPRQVWUDWHGGH¿FLWVLQWKHH[WLQFWLRQRIFRQGLWLRQHGIHDUXSRQUHSHDWHG
SUHVHQWDWLRQRIWKHFRQWH[W%(LVDOVRUHVXOWHGLQDGHFUHDVHGJHQHUDWLRQRI
WKHQHZFHOOV LQ WKHGHQWDWHJ\UXVRIKLSSRFDPSXV7KHPDWXUDWLRQRI WKH






















2EMHFWLYHV&RPRUELGLWLHVDUHFRPPRQ LQ UHDO OLIH DQG LW LV LPSRUWDQW WR












LWHP WKH3V\FKLF$Q[LHW\ VXEVFDOHRI WKH+$0$LWHPV DQG
WKH ³SV\FKLF DQ[LHW\´ LWHP RI WKH +DPLOWRQ 5DWLQJ 6FDOH IRU 'HSUHVVLRQ






&RQFOXVLRQV$Q[LHW\ V\PSWRPV LQ GHSUHVVHG SDWLHQWV FDQ HIIHFWLYHO\ EH












µ6HURTXHO¶ SUHGLFWV UDSLG GHYHORSPHQW RI WROHUDQFH 4XHWLDSLQH VKRZV





PLOG DQG WUDQVLHQW7KHSXUSRVHRI WKLV DQDO\VLVZDV WR H[DPLQH WKH LQFL
GHQFHDQGWLPHFRXUVHRIVRPQROHQFHLQSDWLHQWVWUHDWHGZLWKTXHWLDSLQHDQG
ZKHWKHULWZDVXQUHODWHGWRGRVHRUUHVSRQVH





DQG GLDJQRVHG ZLWK VFKL]RSKUHQLD  ELSRODU GLVRUGHU  GH
PHQWLD RWKHU RUZHUHKHDOWK\YROXQWHHUV RI







,Q D WULDO RI TXHWLDSLQH JLYHQ DW D UDQJH RI ¿[HG GRVHV WKH LQFLGHQFH RI
VRPQROHQFH VKRZHG QR GRVH DVVRFLDWLRQ  PJ  PJ



























ZLWKRXW GHVWDELOL]LQJ PRRG &DODEUHVH  4XHWLDSLQH KDV D XQLTXH
UHFHSWRUSUR¿OHLQFOXGLQJVXFKGLYHUVHWDUJHWVDVVHURWRQLQQRUHSLQHSKULQH
GRSDPLQH DQG YDULRXV VHFRQG PHVVHQJHUV DQG HDUO\ JHQHV $OWKRXJK D
QXPEHURIPHFKDQLVPVKDYHEHHQSRVWXODWHGWRSOD\DUROHLQWKHHIIHFWLYH
WUHDWPHQW RI ELSRODU GHSUHVVLRQ D UHYLHZ RI WKH GDWD VXJJHVW LPSRUWDQW
VLPLODULWLHVDVZHOODVGLIIHUHQFHVDPRQJWKH665,VDQGTXHWLDSLQHRQVH
URWRQHUJLFPHFKDQLVPV665,VDQGTXHWLDSLQHGRZQUHJXODWH+7UHFHSWRU







































FHOOV 16&VSUHSDUHG IURP WHOHQFHSKDORQVRI( UDW HPEU\RV7KHGLI
IHUHQWLDWLRQRI16&VZDVDVVHVVHGE\LPPXQRVWDLQLQJIROORZHGE\(/,6$
0$3(/,6$:H DOVR SHUIRUPHG:HVWHUQ EORW DQDO\VLV WR REVHUYH DO
WHUDWLRQVRIH[SUHVVLRQRILQWUDFHOOXODUPROHFXOHVWKDWPHGLDWHWUDQVPLVVLRQ
RI H[WUDFHOOXODU VLJQDOV LQLWLDWHG E\ QHXURWURSKLF IDFWRUV ,Q DGGLWLRQ ZH
PHDVXUHG WKHH[SUHVVLRQRIQHXURJHQLQDQGEFODQG WUDQVFULSWLRQIDFWRU
DFWLYLW\ FKDQJH RI &5(% DQG 156) WKRVH DUH DOO LPSOLFDWHG IDFWRUV LQ
QHXURQDOGLIIHUHQWLDWLRQ
5HVXOWV %RWK 665,V ÀXR[HWKLQH DQG SDUR[HWKLQH VKRZHG SURPRWLYH HI
IHFWRQ WKHQHXUDO VWHPFHOOGLIIHUHQWLDWLRQ WRQHXURQV LQ WKHGRVDJH WKRVH
DUHFOLQLFDOO\XVHG8QGHUWKDWFRQGLWLRQERWKÀXR[HWKLQHDQGSDUR[HWKLQH
FKDQJHG WKH '1$ ELQGLQJ DFWLYLW\ RI 156) 7KH WURSKLF IDFWRUV ,*)
DQG %'1) DIIHFWHG WKH WUDQVFULSWLRQ IDFWRU DFWLYLW\ LQ GLIIHUHQW PDQQHU
7KH0(. LQKLELWRU 8 VXSSUHVVHG QHXUDO VWHP FHOO GLIIHUHQWLDWLRQ WR
QHXURQV KRZHYHU LW SRWHQWLDWHG WKH DFWLYLW\ RI156) ELQGLQJ DFWLYLW\ LQ
DFRQFHQWUDWLRQGHSHQGHQWPDQQHU%RWK665,V LQFUHDVHGSKRVSKRU\ODWLRQ
RI(5.ZKLOHLWGLGQRWDIIHFWWKHH[SUHVVLRQRIWRWDO(5.




DFWLYLW\ XQGHUOLHV WKH PHFKDQLVP RI WKH QHXURQDO GLIIHUHQWLDWLRQ FKDQJH










2EMHFWLYHV $OWKRXJK DQWLGHSUHVVDQW GUXJV KDYH JUHDWO\ LPSURYHG WKH
RXWFRPHRIGHSUHVVLRQDFRQVLGHUDEOHSURSRUWLRQRISDWLHQWV VKRZRQO\D
SDUWLDORUQRUHVSRQVH
$ QHZ LVRIRUP RI WU\SWRSKDQ K\GUR[\ODVH 73+ UHVSRQVLEOH IRU WKH
ELRV\QWKHVLV RI EUDLQ VHURWRQLQ ZDV UHFHQWO\ GLVFRYHUHG$ VLQJOHQXFOH
RWLGHSRO\PRUSKLVPRI73+ZLWKGLIIHUHQWGLVWULEXWLRQLQ&%/-DQG





















PLFH LQKLELWLRQ RI VHURWRQLQ V\QWKHVLV ZLWK SFKORURSKHQ\ODODQLQH 

























PDLQWHQDQFH WUHDWPHQW IROORZLQJ UHFRYHU\ IURP D UHFXUUHQW HSLVRGH RI
XQLSRODUGHSUHVVLRQ









PHQWZLWK  [ PJGD\:6  RU SODFHER7KH SULPDU\ RXWFRPH




5HVXOWV SDWLHQWVZHUH LQFOXGHG IRU DFXWH WUHDWPHQW LQ  SV\FKLDWULF
SUDFWLFHV LQ*HUPDQ\ DQG6ZHGHQ SDWLHQWV UHVSRQGHG WR DFXWH WUHDW
PHQW DQGZHUH UDQGRPL]HGZHUHHYDOXDWHGDFFRUGLQJ WR ,QWHQWLRQ WR


































VRFLDO DQ[LHW\ GLVRUGHU (VFLWDORSUDP LV WKH WKHUDSHXWLFDOO\ DFWLYH HQDQWL
RPHU RI FLWDORSUDP ,Q WKH SUHVHQW DQDO\VLV WKH HI¿FDF\ RI HVFLWDORSUDP
YHUVXVFLWDORSUDPLQ WKH WUHDWPHQWRIPDMRUGHSUHVVLYHGLVRUGHU0''LV
FRPSDUHG
0HWKRGV$ TXDQWLWDWLYHPHWDDQDO\VLV ZDV DSSOLHG WR  SDWLHQWV HQ
UROOHGLQIRXUUDQGRPLVHGFOLQLFDOWULDOVWKHFRPSDULVRQZDVEDVHGRQPHDQ
FKDQJHIURPEDVHOLQHLQWKH0RQWJRPHU\cVEHUJ'HSUHVVLRQ5DWLQJ6FDOH
0$'56 WRWDO VFRUH DQG UHVSRQVH UDWH DW OHDVW  LPSURYHPHQW IURP










&RQFOXVLRQV (VFLWDORSUDP ZDV VKRZQ WR EH DQ HI¿FDFLRXV WKHUDSHXWLF














DQG 1GHPHWK\ODWLRQ &<3$ DQG &<3&ZHUH WKHPDLQ LVRIRUPV































2EMHFWLYHV %LSRODU 'LVRUGHU LV D GLVDEOLQJ DQG RIWHQ FKURQLF FRQGLWLRQ
:KLOH DW OHDVW RQH WKLUG RI WKH WLPH SDWLHQWV DUH GHSUHVVHG WKH\ GR QRW
DOZD\V UHVSRQG ZHOO WR FRQYHQWLRQDO PRRG VWDELOL]HUV$WWHPSWV WR WUHDW
WKHPZLWK DQWLGHSUHVVDQWV FDQ SURYRNH D VZLWFK WRPDQLD RU LQFUHDVH WKH
F\FOLQJ SDWWHUQ:LWK LQFUHDVLQJ QXPEHU RI UHSRUWV VXJJHVWLQJ WKDW DW\SL
FDO DQWLSV\FKRWLFVPD\RIIHU WKHUDSHXWLF EHQH¿WV WKLV VWXG\ H[DPLQHV WKH
ORQJWHUPUROHRI4XHWLDSLQHDGGHGRQWKHXVXDOWUHDWPHQWLQSDWLHQWVZLWK
%LSRODU'HSUHVVLRQ











UHGXFHG IURP  WR  DQG &*, IURP  WR  2QO\ WZR SDWLHQWV
GLVFRQWLQXHGGXHWRVLGHHIIHFWV
&RQFOXVLRQV4XHWLDSLQHVHHPVWREHHIIHFWLYHDQGZHOOWROHUDWHGLQSDWLHQWV


































































ZLWK0HO9HJ$ UHSHDWHGPHDVXUHPHQW GHVLJQ UHYHDOHG D VLJQL¿FDQW VX
SHULRULW\RI((RQWKH WRWDO+'56LQ WULDODQGRI WKH%HFK6XEVFDOH LQ

















%RWK LQYLYR UDW DQG LQYLWUR & UDWJOLRPDFHOOV VWXGLHVGHPRQVWUDWHG
WKDW DIWHU FKURQLF DQWLGHSUHVVDQW WUHDWPHQW WKH * SURWHLQ *VĮ PLJUDWHV
IURP D OLSLG UDIW IUDFWLRQZKHUH LW LV FORVHO\ DVVRFLDWHGZLWK F\WRVNHOHWDO
FRPSRQHQWV LQWR DPRUH ³VROXEOH´ FRPSRQHQW RI WKHPHPEUDQHZKHUH LW









WKHDFWLYDWLRQRIDGHQ\O\OF\FODVH:HK\SRWKHVL]H WKDW WKH UHJLRQRI*VĮ
WKDW LQWHUDFWVZLWKDGHQ\O\OF\FODVHDQG WXEXOLQDUH WKHVDPH$VWUXFWXUDO
DQDO\VLV RI WKH LQWHUDFWLYH GRPDLQV LV FRQVLVWHQWZLWK WKLV K\SRWKHVLV DQG
VHOHFWHGPXWDWLRQV LQ*VĮFDQHOLPLQDWH WKH LQÀXHQFHRI WXEXOLQRQ*VĮ 
7KHVHGDWD VXJJHVW WKDW DQWLGHSUHVVDQWLQGXFHGFKDQJHV LQ WKHDVVRFLDWLRQ



















0RQWJRPHU\cVEHUJ 'HSUHVVLRQ 5DWLQJ 6FDOH 0$'56 WRWDO VFRUH ZDV
LQFUHDVLQJDVWKH+$0$WRWDOVFRUHLQFUHDVHGDQGGHFUHDVHGWR
REVHUYHGFDVHV >2&@ > ODVWREVHUYDWLRQFDUULHG IRUZDUG >/2&)@DW
HQGSRLQW 7KHPHDQ+$0$ WRWDO VFRUH DW EDVHOLQH ZDV  ZKLFK GH




7KH +$0$ VFRUH GHFUHDVHG E\  SRLQWV LQ SDWLHQWV ZLWK QR DQ[LHW\

































LQPL[HGSDWLHQWV 1 ZHUH 6' DWEDVHOLQHDQG 6'














9LHWD ( HW DO 6HJXULGDG WROHUDELOLGDG \ FDOLGDG GH YLGD DVRFLDGDV DO
WUDWDPLHQWR D ODUJRV SOD]R FRQ ULVSHULGRQD GH ODV SVLFRVLV DIHFWLYDV HQ


















5HVXOWV 2I  VWDEOH SDWLHQWV   FRPSOHWHG WKH VWXG\ 7KH
PHDQ6' 363 VFRUH LPSURYHG VLJQL¿FDQWO\ IURP EDVHOLQH WR HQGSRLQW
 WR  3  3DWLHQWVZKR FRPSOHWHG WKH VWXG\ LP
SURYHGWRDJUHDWHUGHJUHH3YVEDVHOLQH/2)EDVHOLQH
WRHQGSRLQWDVVHVVPHQWVLQGLFDWHGPRUHSDWLHQWVKDYLQJDJUHDWHUIUHTXHQF\
RI VRFLDO FRQWDFWV  LQFUHDVHG TXDOLW\ RI UHODWLRQVKLSV 
JUHDWHUIXOOQHVVRIOLIHDQGEHWWHURYHUDOOOHYHORIIXQFWLRQ
/2)LPSURYHPHQWVZHUHJUHDWHUIRUSDWLHQWVZKRFRPSOHWHGWKHVWXG\7KH
64/6 LQGLFDWHG 4R/ ZDV PDLQWDLQHG ZLWK VRPH QRQVLJQL¿FDQW WUHQGV
WRZDUGLPSURYHPHQW
&RQFOXVLRQV2QH\HDUPDLQWHQDQFHWUHDWPHQWZLWKORQJDFWLQJULVSHULGRQH























0HWKRGV7KH VDPSOHFRQVLVWHGRISDWLHQWVZLWK V\PSWRPVRI FKURQLF




RI SV\FKRORJLFDO V\PSWRPV0LVVLVVLSSL4XHVWLRQQDLUH IRU 376' DQG WKH
TXHVWLRQQDLUHIRUUHJLVWUDWLRQRIHI¿FDF\RIWKHSDUR[HWLQHWUHDWPHQW
5HVXOWV7KH UHVXOWV LQGLFDWH VWDWLVWLFDOO\ VLJQL¿FDQW UHGXFWLRQ RQ DOO VXE
VFDOHVRI6&/5IROORZLQJVL[PRQWKVRIWUHDWPHQWZLWKSDUR[HWLQH3
7KHGLIIHUHQFHEHWZHHQ WZRDVVHVVPHQWVZLWK0LVVLVVLSSL4XHVWLRQ
QDLUH IRU 376' ZDV VWDWLVWLFDOO\ VLJQL¿FDQW 3  376' UDWH LQ RXU



































WUHDWHG LQ D ORQJ WHUPZLWKSDUR[HWLQH LQPRQRWKHUDS\ZHUH DGPLQLVWHUHG
$UL]RQD VH[XDO H[SHULHQFHV VFDOH $6(; D EULHI LWHP VFDOH GHVLJQHG
WRDVVHVV WKHFRUHHOHPHQWVFRPPRQO\ LPSDLUHGE\DQWLGHSUHVVDQWVGULYH
DURXVDO SHQLOH HUHFWLRQYDJLQDO OXEULFDWLRQ DELOLW\ WR UHDFK RUJDVP DQG
VDWLVIDFWLRQ IURP RUJDVP %HVLGHV WKH VH[XDO IXQFWLRQV PHDVXUHG ZLWK
$6(;WKHVHYHULW\RI LOOQHVVDQGSV\FKLFDQ[LHW\ZHUHDVVHVVHGZLWK&*,




FRPSXWHULVHG 6WDWLVWLFDO VRIW GHVFULSWLYH VWDWLVWLFV FKLVTXDUH WHVW DQG
0DQQ:KLWQH\WHVWZHUHXVHG








&RQFOXVLRQV 7KHUH DUH JHQGHUVSHFL¿F GLIIHUHQFHV LQ PDQ\ DVSHFWV RI
GHSUHVVLYH GLVRUGHU LQFOXGLQJ DQWLGHSUHVVDQWLQGXFHG VLGH HIIHFWV 6H[XDO














2EMHFWLYHV 7KH +7 UHFHSWRU LV WKH PRVW UHFHQWO\ LGHQWL¿HG PHPEHU
RI WKH +7 UHFHSWRU IDPLO\ 7KH ELRORJLFDO IXQFWLRQV RI WKLV UHFHSWRU
DUH SRRUO\ XQGHUVWRRG EXW SUHOLPLQDU\ HYLGHQFH VXJJHVWV WKDW LW PD\ EH















5HVXOWV ,Q DQDHVWKHWL]HG UDWV WKH V\VWHPLF DGPLQLVWUDWLRQ RI 6%
PJNJLSSUHYHQWHGWKHVXSSUHVVDQWDFWLRQRIWKHVHOHFWLYHVHURWRQLQ





FRUWH[ 0RUHRYHU V\VWHPLF DGPLQLVWUDWLRQ RI 6%  PJNJ SUH
YHQWHG2+'3$7PJNJLQGXFHGERG\WHPSHUDWXUHGHFUHDVHLQUDW
6%PJNJUHGXFHG LPPRELOLW\ LQ WKHIRUFHGVZLPWHVW LQ UDW
ZLWKRXW DIIHFWLQJ EDVDO ORFRPRWRU DFWLYLW\ DQG UHGXFHG PDUEOHEXU\LQJ
EHKDYLRU LQPLFH )LQDOO\ RQHZHHN WUHDWPHQW ZLWK 6% PJNJ
LSEXWQRWZLWKWKH665,ÀXR[HWLQHPJNJLSHQKDQFHGWKHFHOOXODU
SUROLIHUDWLRQUDWHLQUDWKLSSRFDPSDOVXEJUDQXODU]RQH
&RQFOXVLRQV7KH SUHVHQW UHVXOWV VXJJHVW WKDW +7 UHFHSWRU DQWDJRQLVWV
EHKDYHE\WKHPVHOYHVDVDQWLGHSUHVVDQWOLNHDJHQWV7KHLUDGGLWLRQWR665,V












2EMHFWLYHV $ FRPSUHKHQVLYH UHYLHZ RQ GDWD JHQHUDWHG WR HOXFLGDWH WKH
SKDUPDFRORJLFDOSUR¿OHVDIHW\DQGWROHUDELOLW\RI1'WKH¿UVWVHOHF
WLYH3'(LQKLELWRULQ3KDVH,FOLQLFDOWULDOV
0HWKRGV )RU WKH ELRFKHPLFDO FKDUDFWHUL]DWLRQ HQ]\PH DVVD\V +3/&
0DVV 6SHFWURVFRS\ LQ YLYR PLFURGLDO\VLV ZHUH XVHG (IIHFWV RQ D[RQDO







 VWLPXODWHG EUDLQ FHOO SUHSDUDWLRQV$IWHU RUDO DGPLQLVWUDWLRQ WKH
FRPSRXQGLQGXFHGVWURQJDQGORQJODVWLQJHIIHFWV!KRQQHXURWUDQVPLWWHU
OHYHOV LQ IRXUGLIIHUHQWEUDLQ UHJLRQV0RVW LQWHUHVWLQJZHUH WKH HIIHFWV LQ













DQWLGHSUHVVDQWV 1' LQGXFHG VSURXWLQJ LQ KLSSRFDPSDO SULPDU\ FHOO
FXOWXUHV1'ZDVZHOO DEVRUEHGZHOO WROHUDWHG LQ WR[LFRORJ\ VWXGLHV
DQGVDIHZLWKUHJDUGVWRSRWHQWLDOFDUGLDFUHVSLUDWRU\DQG&16VLGHHIIHFWV
&RQFOXVLRQV2QWKHEDVLVRIWKHSUHFOLQLFDOGDWD1'FDQEHFRQVLGHUHG














0HWKRGV $ UHYLHZ RI SXEOLVKHG DQG XQSXEOLVKHG VWXGLHV UHJDUGOHVV RI
VSRQVRU ZDV FRQGXFWHG WR LGHQWLI\ UDQGRPL]HG FRQWUROOHG WULDOV 5&7V






5HVXOWV )RUW\¿YH 5&7V FRPSDULQJ YHQODID[LQH WR FLWDORSUDP HVFL
WDORSUDPÀXR[HWLQHÀXYR[DPLQHSDUR[HWLQHRUVHUWUDOLQHZHUHLGHQWL¿HG
DQG DYDLODEOH IRU LQFOXVLRQ  KDG QRW EHHQ LQFOXGHG LQ RXUPRVW UHFHQW
PHWDDQDO\VLV 7KH 25 IRU WKH XSGDWHG PHWDDQDO\VLV ZDV   &,















DEOH VWXGLHV UHJDUGOHVV RI VSRQVRU GLG QRW VXEVWDQWLDOO\ FKDQJH RYHUDOO
UHVXOWV ,W UHPDLQHGXQFOHDUKRZHYHU LI WKHDGYDQWDJHH[WHQGHGEH\RQG
ZHHNVDQGUHVXOWVPLJKWQRWEHFRQVLVWHQWDFURVVDOOLQGLYLGXDO665,V
5HIHUHQFHV
6PLWK''HPSVWHU&*ODQYLOOH - HW DO(I¿FDF\DQG WROHUDELOLW\RIYHQ











2EMHFWLYHV 7R GDWH PRUH WKDQ  UDQGRPL]HG GRXEOHEOLQG DFWLYHFRQ
WUROOHG WULDOV KDYH FRPSDUHG YHQODID[LQH DQG VHOHFWLYH VHURWRQLQ UHXSWDNH




0HWKRGV)URPDQ DOOLQFOXVLYHZRUOGZLGHGDWDEDVHRI SXEOLVKHG DQGXQ
SXEOLVKHGVWXGLHVFRPSDULQJYHQODID[LQHDQGVHOHFWHG665,VFRQGXFWHGE\








RI UHPLVVLRQ +$0' VFRUH  &RPSDULVRQV DPRQJ WKH JURXSVZHUH
FRQGXFWHG XVLQJ D VWDQGDUG FKLVTXDUH WHVW 7KH ODVWREVHUYDWLRQFDUULHG
IRUZDUGPHWKRGZDVXVHGWRDFFRXQWIRUPLVVLQJGDWD
5HVXOWV ,Q WKH RYHUDOO GDWD VHW  RI SDWLHQWV DFKLHYHG UHPLVVLRQZLWK
YHQODID[LQHYHQODID[LQH;5PJ ,Q WKH ÀXR[HWLQH VWXGLHV UHPLVVLRQ
UDWHVZHUHIRUYHQODID[LQHYVIRUÀXR[HWLQH 3  LQ WKH
SDUR[HWLQH VWXGLHV UHPLVVLRQ UDWHVZHUH  IRU YHQODID[LQH YV  IRU
SDUR[HWLQH 3  2YHUDOO GLVFRQWLQXDWLRQ GXH WR DGYHUVH HYHQWV ZDV
VLPLODUYHQODID[LQHYHQODID[LQH;5ÀXR[HWLQHSDUR[HWLQH
&RQFOXVLRQV3UHYLRXVPHWDDQDO\VHVRIGHSUHVVLRQVWXGLHVKDYHVXJJHVWHG




















2EMHFWLYHV &RPSDUH WKH RQVHW RI DQWLGHSUHVVDQW HIIHFW DQG WROHUDELOLW\
EHWZHHQWKH)'7IRUPXODWLRQRIPLUWD]DSLQHDQGYHQODID[LQH;5
0HWKRGV7KHPXOWLFHQWHU WULDOZDVFRQGXFWHG LQ*HUPDQ\6XEMHFWVZLWK
D '60,9 PDMRU GHSUHVVLYH GLVRUGHU DQG D +$0' VFRUH  ZHUH









































0HWKRGV7KH FOLQLFDO SHFXOLDULWLHV RI7LDQHSWLQHZHUH VWXGLHG LQ WKH SD
WLHQWVZLWKGHSUHVVLYHGLVRUGHUVZKRKDYHDSSOLHGWRWKH&HQWUHRI0HQWDO
+HDOWK³6WUHVV´%HVLGHV WKHFOLQLFDOSV\FKRSDWKRORJLFDOPHWKRGZHXVHG

















&RQFOXVLRQV 7LDQHSWLQH UHGXFHV WKH VHYHULW\ RI GLIIHUHQW GHSUHVVLYH DQG









2EMHFWLYHV:KLOH H[WUDFWV IURP+\SHULFXPSHUIRUDWXP 6W -RKQ¶VZRUW
DUHXVHGZLGHO\DQGVXFFHVVIXOO\LQPLOGWRPRGHUDWHPDMRUGHSUHVVLRQWKHLU
HI¿FDF\LQPRUHVHYHUHO\GHSUHVVHGSDWLHQWVLVGHEDWHG:HLQYHVWLJDWHGWKH
DQWLGHSUHVVDQW HI¿FDF\ RI +\SHULFXP H[WUDFW:6  LQ SDWLHQWV ZLWK
PRGHUDWHWRVHYHUHPDMRUGHSUHVVLRQE\GHPRQVWUDWLQJDWOHDVWQRQLQIHULRU
LW\WRSDUR[HWLQH
0HWKRGV  SV\FKLDWULF SULPDU\ FDUH SUDFWLFHV LQ *HUPDQ\ SDUWLFLSDWHG
LQ RXU UDQGRPL]HG GRXEOHEOLQG GRXEOHGXPP\ UHIHUHQFHFRQWUROOHG
WULDO7KH VWXG\SDUWLFLSDQWVZHUH  DGXOW RXWSDWLHQWVZLWK DFXWHPDMRU
GHSUHVVLRQ DFFRUGLQJ WR '60,9 LWHP +DPLOWRQ 'HSUHVVLRQ 6FDOH









FRUUHVSRQGLQJ WR   RI WKH EDVHOLQH YDOXH LQ WKH:6
JURXS DQG E\   SRLQWV   LQ WKH SDUR[HWLQH JURXS


































































YHQODID[LQHPRQRWKHUDS\ZHUH WUHDWHGZLWK D FRPELQDWLRQ RI YHQODID[LQH
DQGPLUWD]DSLQH6HYHULW\RIGHSUHVVLRQZDVDVVHVVHGE\WKH+$0'VFDOH
GUXJPRQLWRULQJ FRQWUROOHG WKH SODVPDOHYHOV RI YHQODID[LQH EHIRUH DQG
DIWHU DGPLQLVWUDWLRQRIPLUWD]DRLQH)RU HYDOXDWLRQRI VLGHHIIHFWV FOLQLFDO






QJPO  WRDPHDQRIQJPO XQGHUFRPELQDWLRQ7KH


























0HWKRGV SDWLHQWVZLWKELSRODU , RU ,, GLVRUGHU UDSLGF\FOLQJ '60
,9 H[KLELWLQJ PRGHUDWH WR VHYHUH GHSUHVVLRQ UDQGRPL]HG WR UHFHLYH 
ZHHNV RI GRXEOHEOLQG WUHDWPHQW ZLWK ¿[HGGRVH TXHWLDSLQH  PJGD\
Q  TXHWLDSLQH  PJGD\ Q  RU SODFHER Q  ZHUH LQFOXGHG




D VLJQL¿FDQWO\ JUHDWHU LPSURYHPHQW LQ PHDQ0$'56 VFRUH IURP:HHN
 WR:HHN FRPSDUHGZLWKSODFHER   3 IRU
ERWK JURXSV YHUVXV SODFHER0LQLPDO FKDQJHVZHUH QRWHG RQ WKH<056
WKURXJKRXW WUHDWPHQWZLWK QRGLIIHUHQFHEHWZHHQJURXSV LQPHDQ FKDQJH
IURPEDVHOLQHWR:HHN7KHQXPEHURISDWLHQWVZLWK






















LQFOXGH UHVWULFWHG WKLQNLQJ WRJHWKHUZLWKPRUHRU OHVVPDUNHG DQG FHDVH
OHVV RFFXSDWLRQ ZLWK WKRXJKWV ZLWK GHSUHVVLYH FRQWHQW UXPLQDWLRQ 7KH
REMHFWLYHRIWKLVFDVHVWXG\LVWKHLQYHVWLJDWLRQRIWKHHIIHFWVRIFRQFRPLWDQW




DQG WKH V\PSWRPV ³UHVWULFWHG WKLQNLQJ´ DQG ³UXPLQDWLRQ´ LQ DFFRUGDQFH
ZLWKWKH³$UEHLWVJHPHLQVFKDIWIU0HWKRGLNXQG'RNXPHQWDWLRQLQGHU3V\
FKLDWULH´ $0'3 FULWHULDZHUH FRQVHFXWLYHO\ LQFOXGHG LQ WKLV FDVH VWXG\
,Q DGGLWLRQ WR DQWLGHSUHVVLYH PHGLFDWLRQ WKH\ ZHUH JLYHQ FRQFRPLWDQW


























9DOSURDWH 93$ LV RQH RI WKH PRVW IUHTXHQWO\ SUHVFULEHG DQWLFRQYXOVDQW









































V\PSWRPV GLVDSSHDUHG7KHUHDIWHU QR UHODSVH RI WKH SV\FKRWLF V\PSWRPV
KDVEHHQREVHUYHGIRUPRUHWKDQ\HDUVXSXQWLOWKHSUHVHQWWLPH
5HIHUHQFHV

















2EMHFWLYHV ,W KDV QRW EHHQ FRQ¿UPHGZKHWKHU JHQGHU DQG DJH DIIHFW WKH










5HVXOWV 3DWLHQWV ZHUH GLYLGHG LQWR WKUHH JURXSV PDOH \RXQJHU IHPDOH
DJHZHUHRUORZHUDQGROGHUIHPDOHDJHZHUHRUKLJKHU,QFRP
SDULVRQZLWKRWKHUJURXSVWKH\RXQJHUIHPDOHJURXSGHPRQVWUDWHGVXSHULRU



























SODFHERFRQWUROOHG VWXGLHV RI YHQODID[LQH IRU WKH WUHDWPHQW RI SDWLHQWV
ZLWKPDMRUGHSUHVVLYHGLVRUGHU0''6\PSWRPVZHUHDVVHVVHGZLWKWKH








5HVXOWV 7KHPHGLDQ EDVHOLQH +$0' VFRUH ZDV  3DWLHQWV UHFHLYHG
YHQODID[LQH Q  RU SODFHER Q  $W HQGSRLQW ZHHN  IRU
SDWLHQWVZLWKPRGHUDWHGHSUHVVLRQEDVHOLQH+$0'VFRUHV/2&)
UHPLVVLRQUDWHVIRUYHQODID[LQHDQGSODFHERZHUHDQGUHVSHFWLYHO\
3 )RU SDWLHQWVZLWK VHYHUH GHSUHVVLRQ EDVHOLQH+$0' VFRUH
!/2&)UHPLVVLRQUDWHV IRUYHQODID[LQHYHUVXVSODFHERZHUHDQG







&RQFOXVLRQV ,Q SDWLHQWVZLWK GHSUHVVLRQ FODVVL¿HG DV HLWKHUPRGHUDWH RU
VHYHUHDVGH¿QHGE\DSRVWKRFDQDO\VLVRIEDVHOLQH+$0'VFRUHVWUHDW










2EMHFWLYHV7KH HI¿FDF\ DQG WROHUDELOLW\RI HVFLWDORSUDP LQ WKH WUHDWPHQW




ZHUH UDQGRPO\DVVLJQHG WRGRXEOHEOLQG WUHDWPHQWZLWKSODFHER 1 
HVFLWDORSUDPPJGD\1 PJGD\1 RUPJGD\1 
RUSDUR[HWLQHPJGD\1 
5HVXOWV3DWLHQWVZHUHSUHGRPLQDQWO\ZRPHQKDGDPHDQDJHRI
\HDUV DQGDPHDQ+DPLOWRQ$Q[LHW\6FDOH +$0$ WRWDO VFRUHRIDW
EDVHOLQH$SSUR[LPDWHO\ RI WKH  SDWLHQWV FRPSOHWHG ZHHNV RI






DQG PJ  JURXSV WKDQ LQ WKH SODFHER  JURXS S DQG
VLJQL¿FDQWO\JUHDWHULQWKHHVFLWDORSUDPPJJURXSWKDQLQWKHSDUR[HWLQH
PJJURXSS




&RQFOXVLRQV (VFLWDORSUDP  DQG PJGD\ ZDV HI¿FDFLRXV DQG ZHOO















DIWHU:HHNDQGZHUHHYDOXDWHG IRU VDIHW\RQO\6XEMHFWV UDQGRPL]HG WR
]LSUDVLGRQH RU KDORSHULGRO UHFHLYHG WUHDWPHQW IRU ZHHNV 3ULPDU\ HI
¿FDF\PHDVXUH056PHDQFKDQJHIURPEDVHOLQHWR:HHN0DLQWHQDQFHRI
HIIHFWSHUFHQWRI:HHNUHVSRQGHUVZKRZHUH:HHNUHVSRQGHUV
5HVXOWV =LSUDVLGRQH ZDV VXSHULRU WR SODFHER DW :HHN  LQ ERWK /2&)
3 DQG2& 3 DQDO\VHV RIPHDQ056 FKDQJH =LSUDVLGRQH¶V





HTXLYDOHQW WR KDORSHULGRO =LSUDVLGRQH JURXS KDG ORZHU UDWHV RI (36 DW
:HHNDQGRYHUDOOORZHUUDWHVRIDGYHUVHHYHQWVYHUVXVKDORSHULGRO
&RQFOXVLRQV =LSUDVLGRQH HIIHFWLYHO\ WUHDWHG VXEMHFWV ZLWK ELSRODUPDQLD
DQGPDLQWDLQHG HI¿FDF\ WKURXJKRXW ZHHN VWXG\ =LSUDVLGRQHZDV VDIH



















' 6$'6& H[WUDFWHG VLJQL¿FDQW LPSURYHPHQW ZLWK ]LSUDVLGRQH YHUVXV
SODFHERRFFXUUHGDW'D\S =LSUDVLGRQHEXWQRWKDORSHULGROGHP
RQVWUDWHGVLJQL¿FDQWLPSURYHPHQWYHUVXVSODFHERSLQ0560DQLF










2EMHFWLYHV7RHYDOXDWH ]LSUDVLGRQH¶V ORQJWHUPHI¿FDF\ LQ FOLQLFDOO\ UHO
HYDQWVXESRSXODWLRQVZLWKDFXWHELSRODUPDQLD
0HWKRGV =LSUDVLGRQHWUHDWHG FRPSOHWHUV RI D GD\ SODFHERFRQWUROOHG
WULDORIDFXWHELSRODUPDQLD1 ZHUHHQUROOHGLQDZHHNRSHQODEHO
H[WHQVLRQ RI ÀH[LEO\GRVHG ]LSUDVLGRQH ± PJG (I¿FDF\ PHDVXUHV
LQFOXGHG FKDQJH IURP FRUH EDVHOLQH LQ 0DQLD 5DWLQJ 6FDOH 056 DQG
&*,±6DVZHOODV056UHVSRQGHUUDWHVFKDQJHIURPFRUHEDVHOLQH
LQVXESRSXODWLRQVZLWKPDQLFQ RUPL[HGQ HSLVRGHVZLWKQ 
RUZLWKRXWQ SV\FKRWLFV\PSWRPV


































DQ LQWHUYDO RI  VHFRQGV EHWZHHQ SUHVHQWDWLRQV (DFK EORFN ODVWHG 
VHFRQGVSUHVHQWHGLQDQ$%$&$'$%$&$'GHVLJQ8VLQJDEXWWRQER[
VXEMHFWVZHUH DVNHG WR LGHQWLI\ WKHJHQGHURI WKH IDFHVQRW WRGHVFULEHRU
IRFXVRQWKHHPRWLRQSLFWXUHG










ULJKW RFFLSLWDO FRUWH[1R HIIHFWV RI FLWDORSUDPZHUH REVHUYHG'LVJXVWHG
IDFHVFDXVHGELODWHUDOQHXURQDO DFWLYDWLRQ LQGRUVRODWHUDOSUHIURQWDO FRUWH[
'/3)&LQVXODWHPSRUDOFRUWH[RFFLSLWDOFRUWH[WKDODPLDP\JGDOHDQG
SXWDPHQ &LWDORSUDP HQKDQFHG WKH DFWLYDWLRQ LQ OHIW '/3)& OHIW LQVXOD
ELODWHUDORFFLSLWDOFRUWH[ULJKWWKDODPXVDQGULJKWSXWDPHQZKHUHDVDWWHQX










































&RQFOXVLRQV ,Q YLHZ RI WKH JRRG WROHUDELOLW\ RI HVFLWDORSUDP WKH SKDU








DQG LWV SULQFLSDO EXW WKHUDSHXWLFDOO\ LQDFWLYH PHWDEROLWH 6GHPHWK\OFL





HVFLWDORSUDP FRPSDUHGZLWK WKH UDFHPDWH FLWDORSUDP 6HUXP RU SODVPD
FRQFHQWUDWLRQVRI HVFLWDORSUDPDQG6'&7ZHUHGHWHUPLQHGXVLQJHQDQWL
RVHOHFWLYH+3/&0606
5HVXOWV )RU HVFLWDORSUDP WKH PHDQ V\VWHPLF FOHDUDQFH DQG YROXPH RI





DQG GRVDJH PHDQRQ GD\  /K&RQVHTXHQWO\ YDOXHV RI&PD[ DQG
$8&ZHUH OLQHDUDQGSURSRUWLRQDO WRGRVH7KHDSSDUHQWYROXPHRI
GLVWULEXWLRQ9])ZDVDSSUR[LPDWHO\/NJ&RPSDULVRQRIWKHV\VWHPLF
DQG RUDO FOHDUDQFH LPSOLHG D KLJK DEVROXWH ELRDYDLODELOLW\$IWHUPXOWLSOH
GRVLQJ WKHPHDQ&PD[DQG$8&LQIRI WKHPHWDEROLWH6'&7ZDVDERXW
DQGRI WKH SDUHQW FRPSRXQG UHVSHFWLYHO\ZLWK7PD[ RFFXUULQJ
K SRVWGRVH7KH DSSDUHQW KDOIOLIH RI 6'&7ZDV DERXW WZLFH WKDW RI
HVFLWDORSUDP7KHFRQFHQWUDWLRQVRIWKH6''&7PHWDEROLWHZHUHJHQHUDOO\
EHORZWKHORZHUOLPLWRITXDQWL¿FDWLRQ7KHUHQDOFOHDUDQFHVRIHVFLWDORSUDP
DQG 6'&7ZHUH VPDOO  DQG  /K UHVSHFWLYHO\ FRUUHVSRQGLQJ WR
















0HWKRGV 3DWLHQWV ZLWK ELSRODU , RU ,, GLVRUGHU H[KLELWLQJ PRGHUDWH WR
VHYHUH GHSUHVVLRQ +$0'  +$0' LWHP  >GHSUHVVHG PRRG@
<056ZHUHUDQGRPL]HGWRUHFHLYHZHHNVRIGRXEOHEOLQGWUHDW
PHQWZLWK¿[HGGRVHTXHWLDSLQHRUPJGD\RUSODFHER7KLVSRVWHU






















WKHUDS\ LQSDWLHQWVZLWKELSRODU ,,GHSUHVVLRQSDUWLFXODUO\ LQ WKRVHZLWKD
UDSLGF\FOLQJGLVHDVHFRXUVH


















5HVXOWV 3DWLHQWV WDNLQJ TXHWLDSLQH  RU  PJG KDG D VLJQL¿FDQWO\






TXHWLDSLQH DQG SODFHER  YV  &RPPRQ TXHWLDSLQH DGYHUVH HYHQWV
  DQG DW OHDVW WZLFH WKH SODFHER UDWHZHUH GU\PRXWK VRPQROHQFH
VHGDWLRQGL]]LQHVVDQGFRQVWLSDWLRQ
&RQFOXVLRQV4XHWLDSLQHPRQRWKHUDS\  RU PJG LV VLJQL¿FDQWO\
PRUHHIIHFWLYHWKDQSODFHERDQGZHOOWROHUDWHGIRUWKHWUHDWPHQWRIGHSUHV
VLYHHSLVRGHVLQSDWLHQWVZLWKELSRODU,GLVRUGHU
5HIHUHQFHV 3RVW 50 /HYHULFK *6$OWVKXOHU // HW DO$Q RYHUYLHZ RI
UHFHQW¿QGLQJVRIWKH6WDQOH\)RXQGDWLRQ%LSRODU1HWZRUN3DUW,%LSRODU
'LVRUG
$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 3UDFWLFH JXLGHOLQH IRU WKH WUHDWPHQW


















WUHDWPHQW WKDW IROORZHG DQ LQLWLDO VFUHHQLQJ YLVLW 7KH HVFLWDORSUDP GRVH
ZDV¿[HG DW PJGD\ IRU DW OHDVW WKH¿UVW ZHHNV 3DWLHQWVZHUH UDWHG





ZHUH DSSOLHG RQ WKHPRGL¿HG LQWHQWLRQWRWUHDW SRSXODWLRQ DQG LQ FDVH RI
PLVVLQJ GDWD WKH SULQFLSOH RI ODVW REVHUYDWLRQ FDUULHG IRUZDUG ZDV XVHG












































DW\SLFDO DQWLSV\FKRWLFV RQ WKHVH DVSHFWV 6R WKH DLPRI WKLV VWXG\ZDV WR
FRPSDUH WKH VXEMHFWLYH DVSHFWV RI DW\SLFDO DQWLSV\FKRWLFV LQ VWDELOL]HG
VFKL]RSKUHQLFRXWSDWLHQWV
0HWKRGV 1LQHW\ VFKL]RSKUHQLF SDWLHQWV PHHWLQJ VHOHFWLRQ FULWHULD DQG
UHFHLYLQJULVSHULGRQH1 RODQ]DSLQH1 DQGFOR]DSLQH1 IRU
DSHULRGRI\HDURUORQJHUZHUHFURVVVHFWLRQDOO\HYDOXDWHG6XEMHFWLYHH[
SHULHQFHVZHUHHYDOXDWHGXVLQJLWHPVRI'UXJ$WWLWXGH,QYHQWRU\'$,
 .RUHDQPRGL¿HG YHUVLRQ RI 6XEMHFWLYH:HOOEHLQJ XQGHU 1HXUROHSWLF
7UHDWPHQW .P6:1 DQG 'UXJ 6DWLVIDFWLRQ 6FDOH '66 'HPRJUDSKLF
DQG FOLQLFDO GDWD ZHUH DOVR FRPSDUHG DPRQJ  PHGLFDWLRQ JURXSV XVLQJ
YDULRXVUDWLQJVFDOHVWKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166





SV\FKRSDWKRORJ\RQ WKHSRVLWLYHJHQHUDOSV\FKRSDWKRORJ\ VFDOHDQG WRWDO
VFRUHVRI3$166WKDQSDWLHQWVZLWKRODQ]DSLQH$OVRSDWLHQWVZLWKFOR]DSLQH
KDG KLJKHU VFRUHV RQ SDUNLQVRQLVP DQG G\VNLQHVLD VFDOHV RI (656 DQG




&RQFOXVLRQV %\ VLPSO\ FRPSDULVRQV RODQ]DSLQH VHHPV WR VKRZ EHWWHU
UHVXOWV LQ WKH SV\FKRSDWKRORJ\ DQG VXEMHFWLYH H[SHULHQFHV ZLWK PHGLFD
WLRQ WKDQFOR]DSLQH LQ VWDELOL]HGRXWSDWLHQWV'HVSLWH WKHGLVDGYDQWDJHV LQ
WKHSV\FKRSDWKRORJ\DQGVXEMHFWLYHH[SHULHQFHVZLWKPHGLFDWLRQSDWLHQWV
ZLWKFOR]DSLQH VKRZHG ORQJHUPDLQWHQDQFHRIPHGLFDWLRQ WKDQ WKRVHZLWK



































LQFOXGHV QRUPRWK\PLF GUXJV KRZHYHU OLWKLXP VDOWV DUH VWLOO XVHIXO DQG
SRSXODU &HOOXODU PHFKDQLVPV RI OLWKLXP DFWLRQ DUH QRW IXOO\ XQGHUVWRRG
,QKLELWLRQRILQRVLWROPRQRSKRVSKDWDVHPRGXODWLRQRIF$03FRQWHQWVDQG




WKH PRVW IUHTXHQWO\ SRVWXODWHG PHFKDQLVPV +RZHYHU OLWKLXP LV NQRZQ
WR LQFUHDVH WKH OHYHO RI F\WRSURWHFWLYH DQWLDSRSWRWLF IDFWRU %FO DQG
WR GHFUHDVH WKHVH RI SURDSRSWRWLF SURWHLQV S DQG %D[ $YDLODEOH GDWD
FRQFHUQLQJWKHHIIHFWRIOLWKLXPRQWKHDSRSWRWLFPHFKDQLVPVLQRWKHUFHOOV
LQFOXGLQJSHULSKHUDOEORRGO\PSKRF\WHVDUHIUDJPHQWDU\DQGFRQWUDGLFWRU\
,Q WKLVZRUNZH KDYH WHVWHG WKH K\SRWKHVLV RI WKH JHQHUDO DQWLDSRSWRWLF
DFWLYLW\RIOLWKLXPVDOWVDWDQGDURXQGWKHUDSHXWLFFRQFHQWUDWLRQV
0HWKRGV-XUNDW7FHOOOHXNHPLDOLQHZDVXVHGWKURXJKRXW(DUO\DSRSWRVLV
ZDV LGHQWL¿HG DV VLJQL¿FDQWPLWRFKRQGULDO GHSRODUL]DWLRQ RI FHOOV VWDLQHG
ZLWKÀXRUHVFHQWPLWRFKRQGULDOSRWHQWLDOF\DQLQHSUREH-&7KHSURSRUWLRQ



















2EMHFWLYHV 'HSUHVVLYH GLVRUGHUV DUH RQH RI WKH PRVW FRPPRQ KHDOWK
SUREOHPV LQ FRQWHPSRUDU\ PHGLFLQH DIIHFWLQJ DERXW  RI SRSXODWLRQ
+RZHYHUWKHFHOOXODUEDFNJURXQGRIWKHVHGLVHDVHVLVQRWIXOO\XQGHUVWRRG
5HFHQWO\ DQ LPPXQRORJLFDO K\SRWKHVLV RI WKH HWLRORJ\RI GHSUHVVLRQZDV
SRVWXODWHG LQYROYLQJ WKHGHUHJXODWLRQRI LPPXQHFHOO IXQFWLRQDFFRUGLQJ
WRWKLVK\SRWKHVLVWKHO\PSKRF\WHVZRXOGEHDPRQJWKHWDUJHWVRIDQWLGH
SUHVVLYHGUXJV7KHEDODQFHEHWZHHQSUROLIHUDWLRQDQGVXUYLYDORQRQHVLGH





QHZHVW DQWLGHSUHVVLYH GUXJV EHORQJLQJ WR VHURWRQLQ DQG QRUHSLQHSKULQH
UHXSWDNH LQKLELWRUV 615, RQ HDUO\ DSRSWRVLV RI QRUPDO DQG OHXNHPLF
-XUNDW7FHOOV
0HWKRGV ,QÀXHQFH RI LQ YLWUR LQFXEDWLRQ ZLWK QJPO±JPO 0LO
QDFLSUDQRQWKHVSRQWDQHRXVDVZHOODVFKHOHU\WKULQRUFDSWRWKHFLQLQGXFHG
DSRSWRVLV RI SHULSKHUDO EORRG7 O\PSKRF\WHV DQ -XUNDW FHOOVZDV VWXGLHG
7KHUDWHRIHDUO\DSRSWRWLFFHOOVLGHQWL¿HGE\PLWRFKRQGULDOGHSRODUL]DWLRQ
ZDVPHDVXUHG ÀRZF\WRPHWULFDOO\ XSRQ VWDLQLQJZLWK D ÀXRUHVFHQWPLWR
FKRQGULDOSRWHQWLDOSUREH-&
3HULSKHUDO EORRGPRQRQXFOHDU FHOOV 3%0&ZHUH REWDLQHG IURP KHDOWK\
SHRSOH DQGSDWLHQWV GXULQJ D GHSUHVVLYH HSLVRGH ,&'&OLQLFDO VWDWXV
RI SDWLHQW ZDV HVWLPDWHG XVLQJ VWDQGDUG TXHVWLRQQDLUH IRU HYDOXDWLRQ RI
GHSUHVVLRQ
5HVXOWV 7 FHOOV RI GHSUHVVLYH SDWLHQWV H[KLELWHG PDUNHG GHFUHDVH RI
PLWRFKRQGULDO SRWHQWLDO FRPSDUHG WR WKH FHOOV RI KHDOWK\ LQGLYLGXDOV ,Q
YLWUR WUHDWPHQW RI WKHVH FHOOV ZLWK YDULRXV GRVHV RI0LOQDFLSUDQ UHGXFHG
WKHSURSRUWLRQRIDSRSWRWLFFHOOVE\LQVDPSOHV IURPKHDOWK\DVZHOO
DVGHSUHVVLYHLQGLYLGXDOV7KHUDSHXWLFFRQFHQWUDWLRQVRI0LOQDFLSUDQZHUH




RI WKH GHSUHVVLYH SDWLHQWV PD\ VXJJHVW RQH RI WKH FHOOXODU PHFKDQLVPV
XQGHUO\LQJ WKH GLVHDVH &\WRSURWHFWLYH HIIHFW RI PLOQDFLSUDQ LV DSSDU
HQWO\ XQLYHUVDO QRW OLPLWHG WR DQ\ VSHFL¿F FHOO W\SH DQGPD\ EHORQJ WR

















SULPDULO\ ]LSUDVLGRQH DPLVXOSULGH TXHWLDSLQH RODQ]DSLQH ULVSHULGRQH
$ULSLSUD]ROHZDVLQLWLDWHGDWPJGD\ZLWKWKHRSWLRQWRDGMXVWZLWKLQD
UDQJHRI±PJGD\7KH WUHDWPHQWSHULRGZDVZHHNV(IIHFWLYHQHVV
ZDV HYDOXDWHG XVLQJ WKH &*,,PSURYHPHQW VFDOH &*,, 3DWLHQWV¶ DQG





VWXG\  LQ WKH DULSLSUD]ROH JURXS UHVSRQGHG WR WUHDWPHQW &*,,  RU









































PHWDEROLF SUR¿OH RI DULSLSUD]ROH ZLWK RODQ]DSLQH LQ SDWLHQWV ZLWK DFXWH
UHODSVLQJRUFKURQLFVWDEOHVFKL]RSKUHQLD
0HWKRGV 7KLV UDQGRPL]HG RSHQODEHO H[WHQVLRQ WULDO RI DULSLSUD]ROH
±PJGD\Q YVRODQ]DSLQH±PJGD\Q IRUXSWR
ZHHNVLQFOXGHGSDWLHQWVZKRKDGHLWKHUFRPSOHWHGDZHHNUDQGRPL]HG
GRXEOHEOLQGSODFHERFRQWUROOHG WULDORIDULSLSUD]ROH LQ VWDELOL]HGSDWLHQWV
ZLWK FKURQLF VFKL]RSKUHQLD  HQUROOHG  FRPSOHWHG RU ZKR KDG
UHODSVHGQ DIWHUDWOHDVWZHHNVRIGRXEOHEOLQGWUHDWPHQW
5HVXOWV ,PSURYHPHQW DFURVV DOO SV\FKLDWULF VFDOHV ZDV FRPSDUDEOH IRU






S  DQG IDVWLQJ +'/ DULSLSUD]ROH  PJG/ RODQ]DSLQH ±
PJG/S 
&RQFOXVLRQV,QDFXWHO\UHODSVLQJDQGVWDEOHFKURQLFSDWLHQWVWUHDWHGIRUXS















QHXURFRJQLWLYH DZDUHQHVV DQG TXDOLW\ RI OLIH LPSURYHPHQW FDSDFLW\ 2XU









6FDOH &'56 6LPSVRQ$QJXV 6FDOH 6$6 FRJQLWLYH VFDOHV :LVFRQVLQ
&DUG 6RUWLQJ 7HVW :&67 7ULDO 0DNLQJ 7HVW 707$ 707% LQVLJKW












DQG:&67 UHVXOWV FRPSOHWHG FDWHJRULHV ZHUH VWDWLVWLFDOO\ LQVLJQL¿FDQW
6HYHQ SDUWLFLSDQWV GLVFRQWLQXHG WKH VWXG\ DW ZHHN  2/$  5,6 
PRVWO\GXHWRFRQVHQWZLWKGUDZDOV
&RQFOXVLRQV 2/$WUHDWHG VFKL]RSKUHQLF SDWLHQWV H[SHULHQFHG JUHDWHU













2EMHFWLYHV (YDOXDWH WKH HIIHFWV RI DULSLSUD]ROH LQ SDWLHQWV ZLWK VFKL]R
SKUHQLD ZKHQ DGPLQLVWHUHG DW GRVHV ORZHU WKDQ WKRVH SUHYLRXVO\ VWXGLHG
V\VWHPDWLFDOO\













&RQFOXVLRQV7KLV VWXG\ IRXQG WKDW DULSLSUD]ROH PJGD\ GRVHZDV HI
¿FDFLRXV IRU WUHDWPHQWRIKRVSLWDOL]HGSDWLHQWVZLWKDFXWHH[DFHUEDWLRQRI











0HWKRGV 7UHDWPHQWUHIUDFWRU\ VFKL]RSKUHQLF FRPSOHWHUV RI D ZHHN
GRXEOHEOLQG FRUH VWXG\ FRPSDULQJ ]LSUDVLGRQH Q  DQG FKORUSUR
PD]LQHQ ZHUHFRQWLQXHGRQRSHQODEHO]LSUDVLGRQHIRUXSWR\HDU
$VVHVVPHQWV LQFOXGHG 3$166 7RWDO PRYHPHQW GLVRUGHU PHDVXUHV DQG
ERG\ZHLJKW
5HVXOWV/RQJWHUPWUHDWPHQWEHQH¿WVZLWK]LSUDVLGRQHPHDQGRVDJH
PJGZHUH GHPRQVWUDWHG )RU ]LSUDVLGRQHĺ]LSUDVLGRQH VXEMHFWV 3$166




 3 2I  H[WHQVLRQSKDVH UHVSRQGHUV  3$166
7RWDOLPSURYHPHQWIURPFRUHEDVHOLQHWR:HHNVXEMHFWVGLG
QRW H[SHULHQFH V\PSWRP H[DFHUEDWLRQ ZRUVHQLQJ RI 3$1667RWDO
VFRUH DQG &*,±6 VFRUH  RYHU WKH \HDU H[WHQVLRQ ([WHQVLRQSKDVH
GLVFRQWLQXDWLRQUDWHZDV0RYHPHQWGLVRUGHUVZHUHQRWH[DFHUEDWHG
DQG UHPDLQHG LQIUHTXHQW ZLWK ORQJWHUP ]LSUDVLGRQH 0HGLDQ FKDQJHV LQ
ERG\ZHLJKW IURPEDVHOLQH WR ODVW YLVLWZHUH QHJOLJLEOH DQGQRW FOLQLFDOO\
VLJQL¿FDQW












2EMHFWLYHV 7KH WUHDWPHQW RI VFKL]RSKUHQLD FRQWLQXHV WR UHSUHVHQW D VLJ
QL¿FDQWFKDOOHQJHEHFDXVHRIWKHVHYHUHFKURQLFDQGGLVDEOLQJQDWXUHRIWKH
LOQHVVDQGWKHKHWHURJHQHW\RIV\PSWRPVRQHRIWKHPRVWLPSRUWDQWFOLQLFDO
GHFLVLRQV LQ ZKLFK DQWLSV\FKRWLF DJHQW WR SUHVFULEH $PLVXOSLULGH LV DQ














ZDV DGGHG7KH ¿QDO UHVXOWVZHUH HYDOXDWHG E\0DQQ:KLWQH\ )ULHGPDQ
:LOFR[RQ6LJQHG5DQNV6SHDUPDQ¶VDQG&KL6TXDUHWHVWV
5HVXOWV$JH DYHUDJH RI WKH SDWLHQWV ZDV  5 $W WKH
¿UVW YLVLW WRWDO 3$166 DYHUDJH VFRUH ZDV  DW WKH VHFRQG
 DW WKH WKLUG  DW WKH IRXUWK 7KH GH
FUHDVH RI3$166 VFRUHV DUH YHU\PHDQLQJIXO S$W WKH¿UVW YLVLW
%356VFRUHZDVIRXQGDWWKHVHFRQGDWWKHWKLUG
DQGDWWKH¿QDOYLVLW7KHIDOORI%356VFRUHLVYHU\
VLJQL¿FDQW S 6WDWLVWLFO\ WKH 3$166 DQG %356 VFRUHV GHFUHDVH
KDYHVKRZQPHDQLQJIXOOFRUHODWLRQSRISDWLHQWVKDGVLGH












/HXFKW 6:DO]3LWVFKHO *(QJHO 5 5.LVVOLQJ :$PLVXOSLULGHDQ
XQXVXDO³DW\SLFDO´DQWLSV\FKRWLF$PHWDDQDO\VLVRI UDQGRPL]HGFRQWUROOHG
WULDOV$P-3V\FKLDWU\
&RUUHVSRQGHQFH DGGUHVVHV 6DOLK <DVDU 2]GHQ +XU 6RNDN 1R '
 %DNLUNR\ ,VWDQEXO 7XUNH\ HPDLOR]GHQV\#\DKRRFRP HPDLO









2EMHFWLYHV 7R GHVFULEH WKH HI¿FDF\ RI DULSLSUD]ROH IRU VFKL]RSKUHQLD RU
VFKL]RDIIHFWLYH GLVRUGHU DQG SDWLHQW¶V SUHIHUHQFH IRU FKDQJH LQ WKHUDS\
DQDO\]HGE\UHDVRQIRUVWXG\SDUWLFLSDWLRQ
0HWKRGV 7KLV PXOWLFHQWHU RSHQODEHO VWXG\ UDQGRPL]HG  SDWLHQWV
WRDULSLSUD]ROH IRUZHHNV(QUROOHGSDWLHQWVQHHGHGDFKDQJH LQ WKHUDS\
EDVHGRQUHVLGXDOV\PSWRPVRUWROHUDELOLW\LVVXHVZLWKSUHYLRXVWKHUDS\(I
IHFWLYHQHVVZDVPHDVXUHGE\WKH&OLQLFDO*OREDO,PSUHVVLRQ±,PSURYHPHQW
&*,, VFDOH DQG SDWLHQW¶V VDWLVIDFWLRQZLWK WKHUDS\ E\ WKH3UHIHUHQFH RI
0HGLFDWLRQ6FDOH3206
5HVXOWV2YHUDOOPHDQ&*,,VFRUHDWZHHN/2&)ZDVQ 
:KHQ DQDO\]HG E\ SULPDU\ UHDVRQ IRU VWXG\ SDUWLFLSDWLRQ PHDQ VFRUHV
ZHUH SRVLWLYH V\PSWRPV&*,,  Q  QHJDWLYH V\PSWRPV&*,
, Q VRPQROHQFH&*,, Q ZHLJKWJDLQ&*,, 
Q DNDWKLVLD&*,, Q DOOGDWD/2&)2YHUDOOSDWLHQWV
UDWHGDULSLSUD]ROHDV³0XFK%HWWHU´3206 DWZHHN/2&)
3DWLHQWVJLYLQJ3206 VFRUHVDQDO\]HGE\SULPDU\UHDVRQVIRUSDUWLFLSD
WLRQZHUHSRVLWLYH V\PSWRPV QHJDWLYH V\PSWRPV 
VRPQROHQFHZHLJKWJDLQDNDWKLVLDDOOGDWD
/2&)
&RQFOXVLRQV $ULSLSUD]ROH GHPRQVWUDWHG HI¿FDF\ DQG WROHUDELOLW\ LQ WKH
JHQHUDO SV\FKLDWULF VHWWLQJ 6LPLODU LPSURYHPHQWV LQ WUHDWPHQW HIIHFWLYH











2EMHFWLYHV 7R H[DPLQH FOLQLFDO DQG HOHFWURHQFHSKDORJUDSKLF GLIIHUHQFHV
EHWZHHQVFKL]RSKUHQLFSDWLHQWVWUHDWHGZLWKFODVVLFDODQGDW\SLFDODQWLSV\
FKRWLFDJHQWV
0HWKRGV )RXUWHHQ ULJKWKDQGHG VFKL]RSKUHQLF SDWLHQWV PHDQ DJH








FRPSDUHG WRSDWLHQWV UHFHLYLQJDW\SLFDO DQWLSV\FKRWLFV PHDQ
VG\HDUVQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVZHUHREVHUYHGFRQVLG
HULQJWKHSDWLHQWV¶FOLQLFDOVWDWHDVPHDVXUHGE\WKH3$166
$ VWDWLVWLFDOO\ VLJQL¿FDQW LQFUHDVH LQ UHODWLYH Į DFWLYLW\ ZDV REVHUYHG LQ
WKH JURXS RI SDWLHQWV UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLFV LQ )S
)S )S &S &S 3S 7S
 7S 7S 2S 2S OHDGV ZKLOH
D VWDWLVWLFDOO\ VLJQL¿FDQW LQFUHDVH LQ UHODWLYH ȕ DFWLYLW\ ZDV REVHUYHG LQ
SDWLHQWV UHFHLYLQJ FODVVLFDO DQWLSV\FKRWLFV LQ )SS )SS
)S )S & 3S 7 7S
72 OHDGV&RQVLGHULQJį DQGș DFWLYLWLHV QRGLIIHUHQFHV
ZHUHREVHUYHG
&RQFOXVLRQV$W\SLFDODQWLSV\FKRWLFDJHQWVVHHPWREHDVVRFLDWHGZLWKDQ


















ORZ KLJKGHQVLW\ OLSRSURWHLQV  GHFUHDVH  PJGO K\SHUWHQVLRQ
PP+JLQFUHDVHLQGLDVWROLFEORRGSUHVVXUHPP+JRUPP+J
LQFUHDVHV\VWROLFEORRGSUHVVXUHPP+JDQGHOHYDWHGJOXFRVH
LQFUHDVH PJGO.DSODQ0HLHU VXUYLYDO FXUYHVZHUH FRPSXWHG DQG
FRPSDUHGE\ORJUDQNWHVW+D]DUGUDWLRVIRUPHWDEROLFV\QGURPHLQFLGHQFH
EHWZHHQRODQ]DSLQHDQGDULSLSUD]ROHZHUHFRPSXWHGE\&R[UHJUHVVLRQ
5HVXOWV$IWHUZHHNVRI IROORZXSPHWDEROLFV\QGURPHHYHQW UDWHV IRU
DULSLSUD]ROHSDWLHQWVZHUHYHUVXVIRURODQ]D
SLQHSDWLHQWV2QH\HDUHYHQWUDWHVZHUHIRUDULSLSUD]ROHSDWLHQWV
YHUVXV  IRU RODQ]DSLQH SDWLHQWV7KH UHODWLYH ULVN IRUPHWDEROLF
V\QGURPHZDVGRXEOHGIRURODQ]DSLQHSDWLHQWVYHUVXVDULSLSUD]ROHSDWLHQWV
55 &,S 
&RQFOXVLRQV 2QVHW DQG ZRUVHQLQJ RI FOLQLFDOO\ UHOHYDQW PHWDEROLF V\Q














0HWKRGV 'DWD IURP VKRUW DQG ORQJWHUP VWXGLHV ZHUH XVHG WR DQDO\]H









SODFHER FRPSDUHGZLWK DPHDQ GHFUHDVH RI  SRLQWVZLWK DULSLSUD]ROH
3 $QDO\VLV RI WKH WZR ¿[HGGRVH VWXGLHV ZKLFK DOVR LQFOXGHG
DFWLYHFRQWUROKDORSHULGRODUPVDOVRVKRZHGWKDWERWKDULSLSUD]ROHDQGKD
ORSHULGROWUHDWPHQWVVLJQL¿FDQWO\LPSURYHGH[FLWHPHQWDQGKRVWLOLW\VFRUHV
FRPSDUHG ZLWK SODFHER DULSLSUD]ROH ± KDORSHULGRO ± SODFHER
 3 5HVXOWV IURP WKH ORQJWHUP VWXG\ VKRZHG WKDW DW ZHHN
 WKHH[FLWHPHQWDQGKRVWLOLW\VFRUHKDGGHFUHDVHGIURPEDVHOLQHE\













,QWURGXFWLRQ$GPLQLVWUDWLRQ RI QRQFRPSHWLWLYH10'$ UHFHSWRU DQWDJR
QLVWVLVXVHGDVDQDQLPDOPRGHORIVFKL]RSKUHQLDOLNHEHKDYLRXU%ORFNDGH









0HWKRGV$FWLYH$OORWKHWLF 3ODFH$YRLGDQFH $$3$ WDVN D UHFHQWO\ LQ
WURGXFHGEHKDYLRXUDOSDUDGLJPUHTXLUHVDQLPDOVWRDFWLYHO\DYRLGDURRP
IUDPHGH¿QHGVHFWRURQDFRQWLQXRXVO\URWDWLQJDUHQD$XQLTXHIHDWXUHRI





QXPEHU RI HQWUDQFHV LQWR WKH VKRFN VHFWRU DQG GHFUHDVHGPD[LPXP WLPH
DYRLGHG$GPLQLVWUDWLRQRI&OR]DSLQHGHFUHDVHG WRWDOSDWK WUDYHOOHG LQ WKH



















3$166 ZDV WKH SULQFLSDO RXWFRPH PHDVXUH LQ WKHVH VWXGLHV 3RVWKRF
DQDO\VHVRIWKH³KRVWLOLW\´LWHPIURPWKH3$166ZHUHFRQGXFWHGXVLQJWKH
GDWDFROOHFWHGDWWKHEDVHOLQHDQGGXULQJWKH¿UVWZHHNVRIWUHDWPHQW7KH
SULPDU\ DQDO\VLV FRPSDUHG WKH HIIHFWV RI DULSLSUD]ROH ZLWK SODFHER 7KH







 7KH +/0 DQDO\VLV LQGLFDWHV WKDW WKH HIIHFWV RI DULSLSUD]ROH RQ KRVWLO
LW\ZHUHVLJQL¿FDQWO\VXSHULRUWRSODFHERLQWKHRYHUDOODQDO\VLV) 
GI SDQGDWDOO WLPHSRLQWVGXULQJWKHWUHDWPHQWSHULRGRI
 ZHHNV S DW DOO WLPH SRLQWV 7KH GDWD XQGHUO\LQJ WKH VHFRQGDU\
DQDO\VLVDUHLQ)LJXUH7KHDQDO\VLV\LHOGHGDVLJQL¿FDQWRYHUDOOLQWHUDF
WLRQEHWZHHQWUHDWPHQWDQGWLPH) GI S3RVWKRF




































0HWKRGV:H WUHDWHG IRUHQVLFSV\FKLDWULF SDWLHQWV RYHU DSHULRGRI
GD\VZLWK D GRVDJH RI PJ4XHWLDSLQH SHU GD\ ¡ PJSHU
GD\3DWLHQWVZHUHVXIIHULQJ IURPDKLJKO\DFXWHVFKL]RSKUHQLFSV\FKRWLF
FRQGLWLRQ7KH\KDGFRPPLWWHGVHYHUHFULPHVDQGLQDFFRUGDQFHZLWK*HU































UDSLGO\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD:H SHUIRUPHG UHWURVSHFWLYH FKDUW
UHYLHZWRLQYHVWLJDWHWKHHIIHFWRIWZRKHSDWRSURWHFWRUVELSKHQ\OGLPHWK\O
GLFDUER[\ODWHJDUOLF RLO FRPELQDWLRQ %'' DQG VLO\PDULQVLO\ELQ FRP
ELQDWLRQ 605RQ WUDQVDPLQDVH $67$/7 LQFUHDVH LQGXFHGE\DW\SLFDO
DQWLSV\FKRWLFV
0HWKRGV 7KH UHFRUGV RI  VFKL]RSKUHQLF SDWLHQWV ZKR H[SHULHQFH VH
UXP$67$/7 LQFUHDVH DIWHU WUHDWPHQW ZLWK DW\SLFDO DQWLSV\FKRWLFV ZHUH
UHYLHZHG 3DWLHQWV ZLWK SUHH[LVWLQJ OLYHU GLVHDVH RU LQFUHDVHG $67$/7




OHYHO DQG)LVKHU¶V H[DFW WHVWZHUH FRQGXFWHG WR GHWHFW WKH LPSDFW RI WZR
KHSDWRSURWHFWRUVRQQXPEHURISDWLHQWVZKRVHVHUXP$67$/7OHYHOVZHUH
QRUPDOL]HGEHORZLQKRXVHXSSHUQRUPDOOLPLWDWLRQ




) S ) S :HFRXOGVHHWKDWERWK$67DQG$/7





&RQFOXVLRQV %RWK KHSDWRSURWHFWRUV %'' DQG 605 ZHUH HIIHFWLYH LQ
UHGXFLQJ VHUXP$67$/7 OHYHO LQFUHDVHG E\ DW\SLFDO DQWLSV\FKRWLFV HV
SHFLDOO\ZLWKLQRQO\RQHZHHN,QFUHDVHGOLYHUHQ]\PHZHUHQRUPDOL]HGLQ
PRVW SDWLHQWVZLWKLQ ZHHNV%''ZDV VXSHULRU WR605 LQQRUPDOL]LQJ
VHUXP$/7OHYHO
5HIHUHQFHV)X7/LX*3URWHFWLYHHIIHFWVRIGLPHWK\OµGLPHWK



































UHFHLYLQJ D GDLO\ GRVH H[FHHGLQJ  PJ /LNHZLVH IRU RODQ]DSLQH WKH
SHUFHQWDJHRISDWLHQWVUHFHLYLQJGRVHVLQH[FHVVRIPJGD\LQZDV
VXEVWDQWLDODWRISDWLHQWVFRPSDUHGZLWKRISDWLHQWV
LQ (OHYDWLRQV LQ DYHUDJHGDLO\ GRVHRI ]LSUDVLGRQH DQG DULSLSUD]ROH
KDYHEHHQPRUHPRGHVW7KHRSSRVLWH WUHQGKDVRFFXUUHG IRU ULVSHULGRQH
ZKHUHLQSDWLHQWVSUHVFULEHGULVSHULGRQH1 UHFHLYHGDQDYHUDJH














&LWURPH / -DIIH $ /HYLQH - LQ SUHVV 'RVLQJ RI 6HFRQG*HQHUDWLRQ
$QWLSV\FKRWLF0HGLFDWLRQ LQ D 6WDWH+RVSLWDO 6\VWHP -RXUQDO RI&OLQLFDO
3V\FKRSKDUPDFRORJ\














IROORZLQJFULWHULD GXUDWLRQRIZHHNV GRXEOHEOLQG UDQGRPL]HG WUHDW
PHQW DVVLJQPHQW  SDWLHQWV SHU WUHDWPHQW DUP QR SURWRFROVSHFL¿HG
GH¿QLWLRQIRUPDQGDWRU\GLVFRQWLQXDWLRQSULRUWRZHHNV$PHWDDQDO\VLV
ZDV SHUIRUPHG IRU HDFK VSHFL¿F FRPSDUDWRU XVLQJ DOO DYDLODEOH VWXGLHV
:KHQRQO\DVLQJOHVWXG\PHWLQFOXVLRQFULWHULDIRUDJLYHQFRPSDUDWRUWKH
DYDLODEOHVWXG\ZDVDQDO\]HGVHSDUDWHO\2YHUDOOVWXGLHVZHUHLGHQWL¿HG
WKDWPHW WKH LQFOXVLRQFULWHULD3DWLHQWV¶GLDJQRVHV LQFOXGHG '60,975




DWLRQRQ FRPSDUDWRU UHODWLYH WRRODQ]DSLQH DQGFRQ¿GHQFH LQWHUYDOV
&,V ZHUH FDOFXODWHG 7KH QXPEHUV RI FRPSDUDWLYH VWXGLHV LQFOXGHG LQ
WKHVHPHWDDQDO\VHVDQGWKHFRPELQHGQXPEHURISDWLHQWVZHUHDVIROORZV
 RODQ]DSLQH Q  YV KDORSHULGRO Q   RODQ]DSLQH Q  YV
ULVSHULGRQHQ RODQ]DSLQHQ YV]LSUDVLGRQHQ RODQ
]DSLQH Q  YV FOR]DSLQH Q 2QO\ VLQJOH VWXGLHVZHUH DYDLODEOH
IRUWKHIROORZLQJFRPSDUDWRUVRODQ]DSLQHQ YVÀXSKHQD]LQHQ 
RODQ]DSLQHQ YVSHUSKHQD]LQHQ RODQ]DSLQHQ YVDPLVXO
SULGHQ DQGRODQ]DSLQHQ YVTXHWLDSLQHQ 
5HVXOWV7KH+5V&,VIRUFRPSDUDWRUVUHODWLYHWRRODQ]DSLQHLQFOXGHGLQ
WKHPHWDDQDO\VHV ZHUH DV IROORZV KDORSHULGRO    S
ULVSHULGRQH S ]LSUDVLGRQH S
DQGFOR]DSLQH S 7KHKHWHURJHQHLW\WHVWVIRUDOOWUHDW
PHQWFRPSDULVRQVZHUHQRWVLJQL¿FDQWLQGLFDWLQJQRVLJQL¿FDQWLQWHUDFWLRQ
EHWZHHQ WUHDWPHQW HIIHFW DVPHDVXUHG E\+5V DQG WKH UHVSHFWLYH VWXG\
7KH+5V &,V IRU VLQJOH VWXG\ FRPSDUDWRUV UHODWLYH WR RODQ]DSLQHZHUH
ÀXSKHQD]LQH S SHUSKHQD]LQH 
S DPLVXOSULGH S DQGTXHWLDSLQH 
S 
&RQFOXVLRQV2ODQ]DSLQHDSSHDUVWREHDVVRFLDWHGZLWKVLJQL¿FDQWO\ORQJHU
























5HVXOWV (DFK RI WKH WHVWHG FRPSRXQGV GRVHGHSHQGHQWO\ LQKLELWHG DP
SKHWDPLQHLQGXFHG K\SHUPRWLOLW\ \LHOGLQJ (' YDOXHV RI  
  DQG  IRU KDORSHULGRO ULVSHULGRQH RODQ]DSLQH FOR]DSLQH DQG









&RQFOXVLRQV7KH LQKLELWRU\ SRWHQF\ RI WKH FRPSRXQGV DJDLQVW DPSKHWD
PLQHPRUH RU OHVV FRUUHODWHV WR WKHLU FOLQLFDO SRWHQF\7KH ¿QDO FRPPRQ
SDWKZD\RIERWKDPSKHWDPLQHDQG3&3LQGXFHGK\SHUDFWLYLW\LVVXSSRVHG
WR EH DQ LQFUHDVHG GRSDPLQH UHOHDVH LQ WKHPHVROLPELF SDWKZD\$FFRUG







RI WKH FRPSRXQGVHLWKHU%DVHGRQRXU UHVXOWV3&3LQGXFHGK\SHUDFWLYLW\
GRHVQRWVHHPWRSURYLGHVSHFL¿FDGYDQWDJHHJEHWWHUSUHGLFWLYHRUIDFH











6H[XDO VLGH HIIHFWV KDYH EHHQ GHVFULEHG DV D FRQVHTXHQFH RI ERWK FRQ
YHQWLRQDODQGQRYHODQWLSV\FKRWLFV7KHHWLRORJ\RIDQWLSV\FKRWLFLQGXFHG
VH[XDOG\VIXQFWLRQLVPXOWLIDFWRULDO,PSDLUHGVH[XDOIXQFWLRQLQJQHJDWLYHO\
LPSDFWV WUHDWPHQW FRPSOLDQFH DV ZHOO DV WKH TXDOLW\ RI OLIH 5HWURJUDGH
HMDFXODWLRQ KDV EHHQ UHSRUWHG LQ DVVRFLDWLRQ ZLWK W\SLFDO DQWLSV\FKRWLFV
HVSHFLDOO\ WKLRULGD]LQH DQG DOVR FOR]DSLQH ,W LV SUHVXPDEO\ UHODWHG WR
DOSKDDGUHQHUJLFUHFHSWRUDQWDJRQLVP
:HGHVFULEHWZRFDVHVWKH¿UVWRID\HDUROGPDQZLWKELSRODUGLVRUGHU
DQG WKH VHFRQG RI D \HDUROG PDQ ZLWK SDUDQRLG VFKL]RSKUHQLD ZKR




























5HVXOWV ,Q WKH DFXWH WULDOV DULSLSUD]ROH ±PJGD\ VKRZHG VLJQL¿FDQW








UHGXFWLRQ LQ KRVWLOLW\H[FLWDELOLW\ V\PSWRPV 6RPQROHQFH UDWHV DFURVV 
ZHHNVZHUHZLWKDULSLSUD]ROHDQGZLWKKDORSHULGRO
&RQFOXVLRQV,QERWKDFXWHDQGPDLQWHQDQFHWULDOVDULSLSUD]ROHGHPRQVWUDW
HGVLJQL¿FDQW LPSURYHPHQWV LQSRVLWLYHQHJDWLYHDQGKRVWLOLW\ V\PSWRPV








2EMHFWLYHV &UHDWLQH NLQDVH &. LV DQ LPSRUWDQW HQ]\PH LQ WKH HQHUJ\
PHWDEROLVPRIPDQ\FHOOW\SHVDPRQJWKHPVNHOHWDOPXVFOHFHOOV&KDQJHV
LQ VNHOHWDOPXVFOH FHOO PHPEUDQHVPD\ OHDG WR LQFUHDVHG OHDNDJH RI &.
IURPPXVFOHFHOOVZLWKDQHOHYDWLRQRIVHUXP&.OHYHOVDVDFRQVHTXHQFH
3UHYLRXVFDVHUHSRUWVDQGVWXGLHVVXJJHVWWKDWWKHUDS\ZLWKVRPHDW\SLFDO




0HWKRGV  FKURQLF SV\FKRVLV SDWLHQWV ZLWK QR GLVHDVHV WKDW FRXOG DI
IHFW VHUXP&. OHYHOVZHUH VWXGLHG2I WKHVH SDWLHQWV ZHUH UHFHLYLQJ
FOR]DSLQHRODQ]DSLQHDQGFODVVLFDODQWLSV\FKRWLFV0HGLDQWUHDWPHQW
WLPH ZLWK WKH FXUUHQW DQWLSV\FKRWLFV ZDV  UDQJH  \HDUV DQG
WKHPHGLDQGDLO\GRVHZDVPJRIFOR]DSLQHPJRIRODQ]DSLQHDQG
PJFKORUSURPD]LQHHTXLYDOHQWVRI WKHFODVVLFDODJHQWV)DVWLQJVHUXP
VDPSOHVZHUH FROOHFWHG LQ WKHPRUQLQJ SULRU WRPHGLFDWLRQ DQG VWRUHG DW
Û&IRUQRWORQJHUWKDQDPRQWKEHIRUHDQDO\VLVRI&.DQGDQWLSV\FKRWLF
GUXJFRQFHQWUDWLRQV
5HVXOWV $ VLJQL¿FDQW GLIIHUHQFH LQ PHGLDQ &. OHYHO ZDV IRXQG DPRQJ
WKH WUHDWPHQW JURXSV S  LQ WKDW WKH &. OHYHO ZDV KLJKHU ERWK LQ
WKH SDWLHQWV UHFHLYLQJ FOR]DSLQH DQG LQ WKH SDWLHQWV UHFHLYLQJ RODQ]DSLQH
FRPSDUHG WR WKDW LQ SDWLHQWV UHFHLYLQJ FODVVLFDO DQWLSV\FKRWLFV PHGLDQV
PLQPD[EHLQJDQG8/YHUVXV8/
,Q DGGLWLRQ HOHYDWHG&. OHYHOV DERYH WKHXSSHUQRUPDO OLPLW PHQ
ZRPHQ  8/ ZHUH IRXQG LQ   RI WKH SDWLHQWV WUHDWHG ZLWK
FOR]DSLQHRURODQ]DSLQH+RZHYHUQRFRUUHODWLRQVZHUHIRXQGEHWZHHQ&.
OHYHOVDQGWKHDQWLSV\FKRWLFGUXJFRQFHQWUDWLRQV























2EMHFWLYHV &RPELQDWLRQ WKHUDSLHV RI FOR]DSLQH ZLWK RWKHU DQWLSV\FKRWLF




0HWKRGV$ WKRURXJK ZHEEDVHG VHDUFK RI FXUUHQWO\ SXEOLVKHG GDWD ZDV
SHUIRUPHG2QO\GDWDFRQFHUQLQJDXJPHQWDWLRQVWUDWHJLHVLQVFKL]RSKUHQLF
SDWLHQWV SDUWLDOO\ UHVSRQVLYH WR FXUUHQW FOR]DSLQH PRQRWKHUDS\ PDQLIHVW













EHLQJ HIIHFWLYH LQ V\PSWRP UHGXFWLRQ 6HYHUDO SRVLWLYH FDVH VHULHV XVLQJ
KDORSHULGROGHFDQRDWHSLPR]LGHOR[DSLQH]LSUDVLGRQHDQGRODQ]DSLQHZHUH
UHSRUWHG 2WKHU FDVHV QRW GHVFULEHG KHUH LQFOXGH DGGRQ WKHUDSLHV ZLWK
JO\FLQHIDPRWLGLQHYDOSURDWHDQGÀXYR[DPLQH
&RQFOXVLRQV 5HJDUGLQJ WR RXU ¿QGLQJV DXJPHQWDWLRQ RI FOR]DSLQH ZLWK













0XQUR -  $PLVXOSULGH DXJPHQWDWLRQ RI FOR]DSLQH DQ RSHQ QRQ
UDQGRPL]HG VWXG\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD SDUWLDOO\ UHVSRQVLYH WR
FOR]DSLQH$FWD3V\FKLDWU6FDQG





6WU\MHU 5  'RQH]HSLO DXJPHQWDWLRQ RI FOR]DSLQH PRQRWKHUDS\ LQ
VFKL]RSKUHQLDSDWLHQWVDGRXEOHEOLQGFURVVRYHUVWXG\+XP3V\FKRSKDU
PDFRO

























5HYLHZRI D IXUWKHU SXEOLVKHG VWXG\RI GXOR[HWLQH LQ0''GHPRQVWUDWHG
D VWDWLVWLFDOO\ VLJQL¿FDQW HIIHFW RI GXOR[HWLQH RQ SDLQIXO V\PSWRPV LQ WKH
DEVHQFHRI VWDWLVWLFDO VHSDUDWLRQ IURPSODFHERRQGHSUHVVLYH V\PSWRPVDV
PHDVXUHGE\WKH+$0'UDWLQJVFDOH
,Q DGGLWLRQ SODFHERFRQWUROOHG VWXGLHV RI GXOR[HWLQH LQ WKH WUHDWPHQW RI
'313LQQRQGHSUHVVHGSDWLHQWVGHPRQVWUDWHGXOR[HWLQH¶VHIIHFWRQKRXU














7KH (IIHFW RI 'XOR[HWLQH RQ 3DLQIXO 3K\VLFDO 6\PSWRPV LQ 'HSUHVVHG
3DWLHQWV'R,PSURYHPHQWVLQWKHVH6\PSWRPV5HVXOWLQ+LJKHU5HPLVVLRQ
5DWHV"-&OLQ3V\FKLDWU\
%UDQQDQ 6. 0DOOLQFNURGW &+ %URZQ (%:RKOUHLFK 00:DWNLQ -*
6FKDW]EHUJ$)  'XOR[HWLQH  PJ RQFHGDLO\ LQ WKH WUHDWPHQW RI









2EMHFWLYHV 3ULPDU\ 'XOR[HWLQH LPSURYHV FRJQLWLRQ LQ HOGHUO\ 0''





PHDVXUHG YHUEDO OHDUQLQJ DQGPHPRU\ VHOHFWLYH DWWHQWLRQ DQG H[HFXWLYH








YV  FRPSDUHGZLWK SODFHER+$0' UHVSRQVH  YV 
S DQG UHPLVVLRQ YV  S  UDWHV DW HQGSRLQWZHUH
VLJQL¿FDQWO\ KLJKHU LQ GXOR[HWLQH WKDQ WKRVH RQ SODFHER 'LVFRQWLQXDWLRQ
UDWHVGXHWRDGYHUVHHYHQWVZHUHVLPLODUIRUGXOR[HWLQHDQGSODFHER
YV6LJQL¿FDQWO\PRUHSODFHERWKDQGXOR[HWLQHSDWLHQWVGLVFRQWLQXHG
GXH WR ODFNRI HI¿FDF\ YV &RPPRQ WUHDWPHQWHPHUJHQW DG
YHUVHHYHQWVLQFOXGHGGU\PRXWKQDXVHDFRQVWLSDWLRQGL]]LQHVVGLDUUKHD
































3HUIRUPDQFH7HVW DOORZDQDVVHVVPHQWRI DQWHULRU FLQJXODWH IXQFWLRQZLWK
H[WUDRUGLQDU\KLJKLQWHULQGLYLGXDOVWDELOLW\DQGUHWHVWUHOLDELOLW\
5HVXOWV 7KHVHPHWKRGV UHYHDOHG D VLJQL¿FDQW EUDLQ HOHFWULFDO K\SRDFWLY














2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ DQG WROHUDELOLW\ RI DGMXQFWLYH ULVS










GLVRUGHU 7KH PRVW IUHTXHQW SUHYLRXV PHGLFDWLRQV ZHUH DQWLGHSUHVVDQWV
WUDQTXLOL]HUVDQGPRRGVWDELOL]HUV0HDQULVSHULGRQH
GRVH DW HQGSRLQW ZDV VLJQL¿FDQWO\ KLJKHU LQ VFKL]RDIIHFWLYH SDWLHQWV 
PJGD\FRPSDUHGWRELSRODUPJGD\RUXQLSRODUGHSUHVVLYHSDWLHQWV
PJGD\ S 7RWDO %356 VLJQL¿FDQWO\ LPSURYHG IURP EDVHOLQH
WRHQGSRLQWWRS$OORWKHUHI¿FDF\PHDVXUHVDOVRLP
SURYHGVLJQL¿FDQWO\ 0$'56 WR<056 WRS














2EMHFWLYHV 7R HYDOXDWH WKH WROHUDELOLW\ DQG HI¿FDF\ RI RUDO DGMXQFWLYH
ULVSHULGRQH LQ WKH WUHDWPHQW RI SV\FKRWLF DQG UHODWHG V\PSWRPV LQ GDLO\
FOLQLFDOSUDFWLFH








7KH PRVW IUHTXHQW GLDJQRVHV ZHUH VFKL]RSKUHQLD  VFKL]RDIIHFWLYH
GLVRUGHUDQGGHOXVLRQDOGLVRUGHU0HDQULVSHULGRQHGRVHDWHQG
SRLQWZDVPJGD\$OO%356LWHPVH O\SYVEDVHOLQH



















ZKLFKQRRUJDQLFFDXVHFDQEHGHWHUPLQHG ,%6 LV IUHTXHQWO\ UHJDUGHGDV
D SV\FKRSDWKRORJLFDO GLVRUGHU EHFDXVH  RI SDWLHQWV DUH IRXQG WR













SDWLHQWV UHSRUWHG UHGXFWLRQ LQ DEGRPLQDO SDLQ FRQVWLSDWLRQ DQG EORDWLQJ
DEGRPLQDOGLVWHQVLRQDIWHUPHQWLRQHGWUHDWPHQW



















,QWURGXFWLRQ7KH VXSHULRU HI¿FDF\ DQG WROHUDELOLW\ RI WKH ³DW\SLFDO´ DQ
WLSV\FKRWLFV LVGXH WR WKHLUGLUHFWRU LQGLUHFWHIIHFWRQVHURWRQLQUHFHSWRUV














VHVVLRQVRQ WKHDWWHQWLRQ WHVW'UXJDGPLQLVWUDWLRQZDVFRQWLQXHG WKURXJK
RXWWHVWLQJ
5HVXOWV 7KH IROORZLQJ  YDULDEOHV ZHUH PHDVXUHG QXPEHU RI FRUUHFW
GHWHFWLRQV ODWHQF\ RI FRUUHFW UHVSRQVH QXPEHU RI DQWLFLSDWRU\ UHVSRQVHV
UHVSRQVHVRFFXUULQJEHIRUHVWLPXOXVRQVHWDQGQXPEHURIUHVSRQVHRPLV
VLRQVIDLOXUHWRUHVSRQGWRWKHVWLPXOXV5HVXOWVVKRZHGWKDWWKHDW\SLFDO
DQWLSV\FKRWLFVRODQ]DSLQH UHVSHULGRQH DQG ]LSUDVLGRQH ZHUH VWDWLVWLFDOO\
LQGLVWLQJXLVKDEOH IURPYHKLFOHFRQWUROVRQDOOPHDVXUHV+DORSHULGRORQ
WKH RWKHU KDQG VLJQL¿FDQWO\ UHGXFHG FRUUHFW GHWHFWLRQV DQG DQWLFLSDWRU\
UHVSRQVHDQGVLJQL¿FDQWO\LQFUHDVHGODWHQF\RIWKHFRUUHFWUHVSRQVHDQGWKH
WRWDOQXPEHURIUHVSRQVHRPLVVLRQUHODWLYHWRYHKLFOHFRQWUROV















2EMHFWLYHV$GMXVWPHQW'LVRUGHUVZLWK$Q[LHW\ $':$ DFFRXQW IRU DO
PRVWRISV\FKRORJLFDOO\PRWLYDWHGFRQVXOWDWLRQV LQSULPDU\FDUHDQG
DUHXVXDOO\ WUHDWHGZLWKEHQ]RGLD]HSLQHV %='7KLV VWXG\ZDVGHVLJQHG
WR FRPSDUH QRQLQIHULRULW\ WHVW WKH HI¿FDFLHV RI HWLIR[LQH D QRQ%='
DQ[LRO\WLFGUXJDQGORUD]HSDPD%='IRU$':$RXWSDWLHQWVIROORZHGE\
JHQHUDOSUDFWLWLRQHUV*3
0HWKRGV 7KLUW\VL[ *3 FRQGXFWHG D GRXEOHEOLQG UDQGRPL]HG SDUDOOHO
JURXS VWXG\ RQ $':$ SDWLHQWV PHDQ DJH  \HDUV  IHPDOH
DVVLJQHGWRUHFHLYHWKHXVXDOGRVDJHRIHWLIR[LQHPJWLGRUORUD]HSDP
±± PJGD\ IRU  GD\V (I¿FDF\ ZDV HYDOXDWHG RQ GD\V  DQG
 XVLQJ WKH+DPLOWRQ UDWLQJ VFDOH IRU DQ[LHW\ +$0$ FOLQLFDO JOREDO
LPSUHVVLRQ VFDOH &*, VRFLDO DGMXVWPHQW VFDOH VHOIUHSRUW 6$665 DQG
GLVDELOLW\DVVHVVPHQWZLWKWKH6KHHKDQVFDOH7KHPDLQHI¿FDF\DVVHVVPHQW
FULWHULRQZDV+$0$VFRUHRQ'D\DGMXVWHGWR'D\
5HVXOWV 7KH DQ[LRO\WLF HIIHFW RI HWLIR[LQH ZDV QRW LQIHULRU WR WKDW RI














7DEOH 0HDQ +$0$ VFRUHV  6' DQG SHUFHQWDJHV RI UHVSRQGHUV ,77 SRSXOD
WLRQ 
(WLIR[LQHQ  /RUD]HSDPQ  S
'D\   16
'D\   
'D\±'D\ ± ± 













2EMHFWLYHV 5HVWRUDWLRQ RI QRUPDO VOHHS LV LQWHJUDO WR DOO DQWLGHSUHVVDQW




PJGD\ 1    FRPSOHWHG RU VHUWUDOLQH PJGD\ 1
 FRPSOHWHG7KHSULPDU\RXWFRPHPHDVXUHZDV WKHFKDQJH LQ








&RQFOXVLRQV5DSLG LPSURYHPHQW LQ VOHHS IXQFWLRQPD\FRQWULEXWH WR WKH























WKHUDS\ ,Q WKHSUHVHQWDQDO\VLVZHFRPSDUHG WKHRQVHWRIVOHHS LPSURYH
PHQWEHWZHHQPLUWD]DSLQH)'7DQGYHQODID[LQH;5
0HWKRGV7KHPXOWLFHQWHU WULDOZDVFRQGXFWHG LQ*HUPDQ\6XEMHFWVZLWK
D '60,9 PDMRU GHSUHVVLYH GLVRUGHU DQG D +$0' VFRUH  ZHUH
UDQGRPL]HG WRPLUWD]DSLQH)'7±PJGD\ Q  FRPSOHWHGRU






VXSHULRU S IRU WKH PLUWD]DSLQHWUHDWHG JURXS FRPSDUHG ZLWK WKH
YHQODID[LQHWUHDWHGJURXSRQGD\±YV±SRLQWVGD\±YV
±GD\±YV±DQGGD\±YV±





















2EMHFWLYHV :H H[DPLQHG WKH HI¿FDF\ DQG WROHUDELOLW\ DVVRFLDWHG ZLWK
VZLWFKLQJIURPDVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRU665,RUYHQODID[
LQHWRGXOR[HWLQH
0HWKRGV 3DWLHQWVZLWKPDMRU GHSUHVVLYHGLVRUGHU HQWHUHG WKLV RSHQODEHO
VWXG\3DWLHQWV1 H[KLELWLQJVXERSWLPDOUHVSRQVHRUSRRUWROHUDELOLW\
WR WKHLU FXUUHQW DQWLGHSUHVVDQW ZHUH ³VZLWFKHG´ WR GXOR[HWLQH PJ4'
ZLWKRXW WDSHULQJ RU WLWUDWLRQ$ FRPSDUDWRU JURXS QRW FXUUHQWO\ UHFHLYLQJ






5HVXOWV 7KH HI¿FDF\ RI GXOR[HWLQH GLG QRW GLIIHU VLJQL¿FDQWO\ EHWZHHQ
VZLWFKHG DQG XQWUHDWHG SDWLHQWV LQLWLDWLQJ GXOR[HWLQH PHDQ FKDQJHV






FRQVWLSDWLRQ 3DWLHQWV VZLWFKHG WR GXOR[HWLQH UHSRUWHG VLJQL¿FDQWO\ ORZHU
UDWHV RI QDXVHD DQRUJDVPLD DQGPXVFOH FUDPSZKHQ FRPSDUHGZLWK XQ
WUHDWHGSDWLHQWVLQLWLDWLQJGXOR[HWLQH





)DYD0'DYLGVRQ.* 'H¿QLWLRQ DQG HSLGHPLRORJ\ RI WUHDWPHQW
UHVLVWDQWGHSUHVVLRQ3V\FKLDWULF&OLQLFVRI1RUWK$PHULFD










2EMHFWLYHV &OLQLFDO FRQVHTXHQFHV DVVRFLDWHG ZLWK DOWHUQDWLYH VWDUWLQJ
GXOR[HWLQHGRVHVDUHH[DPLQHG
0HWKRGV 3DWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU ZHUH UDQGRPL]HG WR
RSHQODEHO GXOR[HWLQH PJ Q  RU PJ 4' Q  IRU RQH ZHHN
$IWHURQHZHHNWKHPJJURXSKDGWKHLUGRVHLQFUHDVHGWRPJ'XULQJ
WKHUHPDLQGHURIWKHZHHNVWXG\WLWUDWLRQIURPPJWRPJWRPJ










JURXS KDG D VLJQL¿FDQWO\ ORZHU UDWH RI QDXVHD FRPSDUHG ZLWK WKH PJ





















2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ RI YHQODID[LQH ;5 IRU PRGHUDWH WR
VHYHUHSRVWWUDXPDWLFVWUHVVGLVRUGHU376'
0HWKRGV ,Q WKLV LQWHUQDWLRQDO UDQGRPL]HG SDUDOOHOJURXS GRXEOHEOLQG
SODFHERFRQWUROOHG WULDO  DGXOW RXWSDWLHQWV YHQODID[LQH ;5 Q 


















RI GLVFRQWLQXDWLRQ9HQODID[LQH ;5WUHDWHG SDWLHQWV VKRZHG VLJQL¿FDQWO\
3JUHDWHUPHDQLPSURYHPHQWWKDQSODFHERWUHDWHGSDWLHQWVLQ376'













2EMHFWLYHV &OR]DSLQHV DUH ZLGHO\ LQ XVH LQ UHIUDFWRU\ VFKL]RSKUHQLF
SDWLHQWV IRU WKHLU EHQH¿FLDO HIIHFW+RZHYHU GH QRYR HPHUJHQFHRU H[DF














5HVXOWV 7KHUH ZHUH QLQH IHPDOH DQG WKUHH PDOH 6FKL]RSKUHQLD SDWLHQWV
HQUROOHGSDWLHQWVZLWK3DUDQRLGW\SHSDWLHQWVZLWK'LVRUJDQLVHGW\SH
SDWLHQWVZLWK5HVLGXDO W\SHSDWLHQWZLWK&DWDWRQLF W\SH DFFRUGLQJ WR








GDLO\ GRVH RI FOR]DSLQH XVHGPRUH VHYHUH2& V\PSWRPVZHUH SUHVHQWHG
DQGWRRNVKRUWHUWLPHWRDSSHDUDQFHRI2&V\PSWRPV,WLQGLFDWHVWKHSRV
VLELOLW\WKDWWKHDSSHDUDQFHRI2&V\PSWRPVLVFRQQHFWHGZLWKDQHIIHFWRI






VFKL]RSKUHQLD DQG RWKHU SV\FKRWLF GLVRUGHUV - &OLQ 3V\FKLDWU\  SS
±
5H]QLN,&OR]DSLQHLQWKHWUHDWPHQWRI2EVHVVLYH&RPSXOVLYH6\PS








2EMHFWLYHV *HQHUDOL]HG DQ[LHW\ GLVRUGHU *$' D FKURQLF SV\FKLDWULF
LOOQHVV ZLWK HPRWLRQDO DQG SK\VLFDO V\PSWRPV KDV D OLIHWLPH SUHYDOHQFH
RIDSSUR[LPDWHO\7KHJRDORIWKHUDS\LVWRDOOHYLDWHERWKWKHHPRWLRQDO
DQGSK\VLFDO V\PSWRPV DVVRFLDWHGZLWK*$'7KHREMHFWLYHRI WKLV SRVW
KRFDQDO\VLVZDVWRDVVHVVLPSURYHPHQWLQVSHFL¿FSK\VLFDODQGHPRWLRQDO
V\PSWRPVGXULQJWUHDWPHQWZLWKYHQODID[LQH;5
0HWKRGV 'DWD ZHUH SRROHG IURP  SODFHERFRQWUROOHG GRXEOHEOLQG
UDQGRPL]HG VWXGLHV LQ SDWLHQWVZLWK*$' WUHDWHGZLWK HLWKHU YHQODID[LQH
;5RUSODFHERIRUZHHNVQ DQGLQRIWKHVWXGLHVIRUXSWR
PRQWKVQ 7KH+DPLOWRQ5DWLQJ6FDOHIRU$Q[LHW\+$0$ZKLFK
FRPSULVHV  LWHPV IRU SK\VLFDO V\PSWRPV VRPDWLF FRPSRQHQW DQG IRU
HPRWLRQDOV\PSWRPVSV\FKLFFRPSRQHQWZDVWKHPDLQRXWFRPHPHDVXUH
(IIHFWVL]HVIRUFKDQJHIURPEDVHOLQHIRUHDFK+$0$LWHPZHUHFDOFXODWHG









&RQFOXVLRQV7KLV LV WKH¿UVW HYDOXDWLRQ RI YHQODID[LQH;5 WUHDWPHQW HI
IHFWVRQLQGLYLGXDO+$0$LWHPVDWHDFKYLVLW,QWKLVDQDO\VLVYHQODID[LQH




















0HWKRGV 3DUWLFLSDQWV LQFOXGHGRXWSDWLHQWV DJHG\HDUVZLWK'60,9




JUHDWHU WKDQ 5DVNLQ 'HSUHVVLRQ 6FDOH VFRUH 3DWLHQWV ZKR FRPSOHWHG WKH
ZHHNRSHQODEHO WUHDWPHQWSKDVH DQGPHW FULWHULD IRU ³UHVSRQGHU´ LH
KDGIXOOV\PSWRPSDQLFDWWDFNSHUZHHNLQWKHODVWZHHNVRIRSHQODEHO
WUHDWPHQWDQGD&OLQLFDO*OREDO ,PSUHVVLRQ,PSURYHPHQW VFRUHRIRU
ZHUH UDQGRPO\DVVLJQHG WR UHFHLYHHLWKHUGRXEOHEOLQGYHQODID[LQH;5RU
SODFHER UHGXFWLRQ WRPJGD\E\ZHHNRIGRXEOHEOLQGSHULRG IRU
DGGLWLRQDOZHHNV
7KH SULPDU\ HQGSRLQW ZDV WLPH WR UHODSVH GH¿QHG DV  IXOOV\PSWRP
3DQLFDQG$QWLFLSDWRU\$Q[LHW\6FDOHSDQLFDWWDFNVSHUZHHNIRUFRQVHFX
WLYHZHHNV RU GLVFRQWLQXDWLRQ IURP WKH GRXEOHEOLQG SKDVH GXH WR ORVV RI





5HVXOWV7KH ,77SRSXODWLRQKDGSDWLHQWV LQ WKHRSHQODEHO WUHDWPHQW
SKDVHDQGSDWLHQWVLQWKHGRXEOHEOLQGSKDVHSODFHER YHQODID[LQH
;5  $IWHU WKH LQLWLDO GD\ WLWUDWLRQ SHULRG WKHPHDQ GDLO\ GRVH RI
YHQODID[LQH;5GXULQJWKHRSHQODEHOSKDVHUDQJHGIURPPJWR
PJZLWKDPHDQGDLO\GRVHRIPJ6'DWZHHN'XULQJWKH

















0HWKRGV 2XWSDWLHQWV DJHG  \HDUV SODFHER Q  YHQODID[LQH ;5
PJ Q  YHQODID[LQH;5PJ Q  SDUR[HWLQH Q ZLWK
SULPDU\GLDJQRVLVRI'60,9SDQLFGLVRUGHUZLWKRUZLWKRXWDJRUDSKRELD












5HVXOWV$W HQGSRLQW DOO DFWLYH WUHDWPHQW JURXSV VKRZHG D VLJQL¿FDQWO\
3JUHDWHUSHUFHQWDJHRISDWLHQWVIUHHRIIXOOV\PSWRPSDQLFDWWDFNV
EXW QRW OLPLWHGV\PSWRP SDQLF DWWDFNV WKDQ SODFHER DQG ZHUH VXSHULRU



















0HWKRGV ZH FDUULHG RXW D UHWURVSHFWLYH VL[PRQWKV SRSXODWLRQEDVHG
VXUYH\ XVLQJ DGPLQLVWUDWLYH GDWDEDVHV 6(77,1* 6ZLW]HUODQG )UHQFK
*HUPDQDQG,WDOLDQSDUW3$57,&,3$176µVXEMHFWVDJHGDQG
ROGHUDQGFRYHUHGE\WKHFRPPXQLW\SKDUPDFLHV7KHPDLQRXWFRPHPHDV














&RQFOXVLRQV 7R RXU NQRZOHGJH WKLV LV WKH ¿UVW UHSUHVHQWDWLYH HSLGH
PLRORJLF VWXG\ DVVHVVLQJ WKH LQFLGHQFH DQG SUHYDOHQFH RI EHQ]RGLD]HSLQH
SUHVFULELQJLQ6ZLW]HUODQG
5HIHUHQFHV






















































2EMHFWLYHV 7KLV VWXG\ DLPV WR FODULI\ LQ D SURVSHFWLYH PDQQHU  WKH
LQFLGHQFH RI K\SRQDWUDHPLD GXH WR YHQODID[LQH LQ SDWLHQWV RYHU \UV 
PHFKDQLVPRIK\SRQDWUDHPLDLWVPDQDJHPHQW
0HWKRGV $ FRQVHFXWLYH VHULHV RI ZKR ZHUH VWDUWHG RI YHQODID[LQH KDG
EDVHOLQH HOHFWURO\WHV XUHD FUHDWLQLQH XULF DFLG DQG SODVPD RVPRODOLW\
,IK\SRQDWUDHPLD VRGLXPPPRO/ZDVGHWHFWHGGD\V ODWHU WKH
SDWLHQWKDGIXUWKHU WHVWVHJ UDQGRPFRUWLVRO$'+76+XULQHRVPRODOLW\
DQGVSRWXULQDU\VRGLXPZKLOVWFRQWLQXLQJRQYHQODID[LQH
7KH K\SRQDWUDHPLF SDWLHQW ZDV SODFHG RQ ÀXLG UHVWULFWLRQ  POGD\






ORZSODVPDRVPRODOLW\ DQG UDLVHG$'+$IWHU ÀXLG UHVWULFWLRQ WKH VHUXP
VRGLXP UHWXUQHG WR QRUPDO ZKLOH SODVPD RVPRODOLW\ URVH DV$'+ OHYHOV
GLPLQLVKHG


















PRGHOV RI DQKHGRQLD +RZHYHU VWUHVV DOVR HYRNHV D QXPEHU RI HIIHFWV





0HWKRGV<RXQJ&%/1PDOHPLFH KDYH EHHQ VXEPLWWHG WR D UDW H[
SRVXUHDQGUHVWUDLQHGVWUHVVDGRSWHGIURPDPHWKRGGHVFULEHGHOVHZKHUH
6WUHNDORYDHWDO
5HVXOWV $IWHU  ZHHNV RI VWUHVV WKH GURS RI SUHIHUHQFH WR VXFURVH
VROXWLRQ RFFXUUHG LQ DSSUR[LPDWHO\  RI PLFH WKRVH WKHUHIRUH ZHUH
FRQVLGHUHGDVDQKHGRQLF7KHSUHIHUHQFHWRVXFURVHLQWKLVJURXSRIDQLPDOV
 ZDV VLJQL¿FDQWO\ GHFUHDVHG FRPSDUHG WR WKH QRQVWUHVVHG
FRQWUROV  6WUHVVHG DQLPDOV ZKLFK H[KLELWHG QR FKDQJH LQ
SUHIHUHQFHWRVXFURVHZHUHUHJDUGHGDVUHVLVWDQWWRDQKHGRQLD
DQGZHUHXVHGDVDQLQWHUQDOFRQWUROIRUWKHHIIHFWVRIFKURQLFVWUHVVDORQH
%HKDYLRUDO DQDO\VLV GHPRQVWUDWHG WKDW DQKHGRQLD LV DVVRFLDWHG ZLWK NH\
DQDORJXHV RI GHSUHVVLYH V\PSWRPV VXFK DV LQFUHDVHG ÀRDWLQJ LQ IRUFHG




RVPRWLF PLQLSXPSV GXULQJ  ZHHNV ,Q DQKHGRQLF JURXS WUHDWPHQW ZLWK
FLWDORSUDPUHVWRUHGSUHIHUHQFH WRVXFURVHGHFUHDVHGVFRUHVRIGHSUHVVLYH
OLNHDQGDQ[LHW\OLNHEHKDYLRUV
&RQFOXVLRQVHPSOR\HGFKURQLF VWUHVVSURFHGXUH OHDGV WRDQKHGRQLD LQ
PLFH  KHGRQLF GH¿FLW LV VSHFL¿FDOO\ DVVRFLDWHG ZLWK SUHVHQFH RI RWKHU
GHSUHVVLYHOLNHIHDWXUHVZKLOHFKURQLFVWUHVVDORQHLVQRWGHSUHVVLYHOLNH
FKDQJHV LQ DQKHGRQLF DQLPDOV FDQ EH UHYHUVHG E\ FKURQLF DGPLQLVWUDWLRQ
















0HWKRGV$OO GUXJVZHUH WHVWHG XQGHU LGHQWLFDO ELQGLQJ DVVD\ FRQGLWLRQV
XVLQJPHPEUDQHV IURP FHOOV H[SUHVVLQJ FORQHG KXPDQ VHURWRQLQ +7$










WKDW DVHQDSLQH ZLOO KDYH LQWHUDFWLRQ ZLWK D QHZ EOHQG RI WKHUDSHXWLFDOO\
UHOHYDQW UHFHSWRUV LQFOXGLQJ +7& +7$ +7 +7 ' UHFHSWRUV
DQG ĮDGUHQRFHSWRUV DW HTXLYDOHQW WKHUDSHXWLF GRVHV DQG Y UHODWLYHO\
ORZHUDI¿QLW\IRUKLVWDPLQHDQGDODFNRIDI¿QLW\IRUPXVFDULQLFUHFHSWRUV




+7& +7$ +7 +7 ' ' Į$ Į& ' +L 0
$VHQDSLQH           
5LVSHULGRQH           
2ODQ]DSLQH           
4XHWLDSLQH           














2EMHFWLYHV7KH DELOLW\ RI$UWL¿FLDO1HXUDO1HWZRUN $11 WR UHFRJQL]H
FRPSOH[DQGQRQOLQHDUUHODWLRQVKLSVKDVVXJJHVWHGWKHDSSOLFDWLRQRIWKHVH




0HWKRGV :H KDYH DSSOLHG WKH PDWKHPDWLFDO PRGHO RI DUWL¿FLDO QHXUDO




GHVFULSWLRQ IUHHO\ ¿OOHG E\ VHQLRU SV\FKLDWULVWV LQWR  FOLQLFDO FKDUWV




DW WKHLU ¿UVW WUHDWPHQWZLWK VHUWUDOLQH&OLQLFDO HSLGHPLRORJLFDO GLDJQRV




























GRVH RI HVFLWDORSUDPPJ DQG WKH VHUXP FRQFHQWUDWLRQV RI HVFLWDORSUDP
DQG LWVPHWDEROLWH 6GHPHWK\OFLWDORSUDP 6'&7ZHUH GHWHUPLQHG XS WR
KDIWHU GRVH7KHSKDUPDFRNLQHWLFVZDV DVVHVVHGE\QRQOLQHDUPL[HG
HIIHFWPRGHOOLQJ



















2EMHFWLYHV+\SHUSURODFWLQHPLD LV WKH FRPPRQDGYHUVH HYHQWRI DQWLSV\









FRQVHQW IRUKLJKGRVHPHGLFDWLRQZDVJLYHQEHIRUH WLWUDWLRQRYHU VWDQGDUW














GRSDPLQH ' RFFXSDQF\ FOLQLFDO UHVSRQVH DQG VLGH HIIHFWV D GRXEOH
EOLQG3(7VWXG\RI¿UVWHSLVRGHVFKL]RSKUHQLD$P-3V\FKLDWU\
±
/XVVNLQ 6, &DQFUR 5 &KXDQJ / -DFREVRQ - 3URODFWLQ HOHYDWLRQ ZLWK
]LSUDVLGRQH$P-3V\FKLDWU\2FW










2EMHFWLYHV7KHFRPPRQSULQFLSOHRI DQWLSV\FKRWLFPHGLFDWLRQ LV WKH'
RFFXSDQF\0RUHWKDQRI'RFFXSDQF\OHDGVWRWKHUDSHXWLFDOHIIHFW
$ERXWDQGPRUH'RFFXSDQF\FDXVHK\SHUSURODFWLQHPLD:HH[SHFW










WKH VWXG\ JURXS DQG FRQWUROV ZDV VWDWHG S  7KH GLIIHUHQFH GXULQJ




&RQFOXVLRQV ,QFUHVLQJ RI DQWLSV\FKRWLFV GLG QRW UHDFK LQ LQFUHDVLQJ RI





$GDPV &( )HWRQ 0.3 4XUDLVKL 6 'DYLG$6 6\VWHPDWLFN PHWD
UHYLHZ RI GHSRW DQWLSV\FKRWLF GUXJV IRU SHRSOH ZLWK VFKL]RSKUHQLD %U -
3V\FKLDWU\
.DSXU6=LSXUVN\5-RQHV&5HPLQJWRQ*+RXOH65HODWLRQVKLSEHWZHHQ


















2EMHFWLYHV +HUEDO SUHSDUDWLRQV IRU GHSUHVVLRQ VXFK DV 6W -RKQµV :RUW
6-:DUHRIWHQSUHIHUUHGRYHUSKDUPDFHXWLFDOSUHSDUDWLRQVE\PRWKHUVDQG
















QJPO 0LONSODVPD UDWLRV UDQJHG IURP  7KH UHODWLYH LQIDQW










































WDNLQJ RUGHULQJRI7'0IRU OLWKLXPDSSHDUV WREHQRW DSSURSULDWH7KXV
LPSOHPHQWDWLRQRI7'0IRUOLWKLXPLQFOLQLFDOURXWLQHVKRXOGEHLPSURYHG
LQRUGHU WR DYRLGXQQHFHVVDU\ WHVWV DQG WRSUHYHQW WKDWPLVOHDGLQJ UHVXOWV
PD\LQÀXHQFHFOLQLFDOGHFLVLRQPDNLQJ
5HIHUHQFHV
=HUQLJ * /HFKQHU 7 .UDPHU5HLQVWDGOHU . +LQWHUKXEHU + +LHPNH &















OLJKW WKHGLIIHUHQFHVEHWZHHQ WKH WZRFODVVHVRI DQWLGHSUHVVDQWV UHJDUGLQJ
WKHLUSRWHQWLDORIQHXURELRORJLFDODJJUHVVLYHQHVV
0HWKRGVJURXSVRIUDWVHDFKKDYHEHHQXVHG1±FRQWUROJURXS1
± UHFHLYHGGH[DPHWKDVRQHZLWKVXEVHTXHQW LQFUHDVHRIFRUWLVRO OHYHOV1


















2EMHFWLYHV7KHPHFKDQLVPE\ZKLFK OLWKLXPH[HUWV LWV WKHUDSHXWLFHIIHFW
LQELSRODUGLVRUGHUKDVDV\HW UHPDLQHGHOXVLYH ,QELSRODUGLVRUGHUPLWR









































0HWKRGV 6XEMHFWV ZHUH DVVLJQHG UDQGRPO\ WR RQH RI VHYHUDO LGHQWLFDOO\
GHVLJQHGWULDOV(DFKVWXG\FRQVLVWHGRIDQZHHNRSHQODEHOPRQRWKHUDS\
ZLWK DQ DW\SLFDO DQWLSV\FKRWLF ULVSHULGRQH TXHWLDSLQH ]LSUDVLGRQH RU
RODQ]DSLQH'DWDIURPDQDGGLWLRQDOVWXG\HYDOXDWLQJDXJPHQWDWLRQRIRODQ






5HVXOWV2QHKXQGUHGRQH VXEMHFWVZHUH HQUROOHG LQ WKH VWXG\7KH\ZHUH
\HDUVRIDJHDQGSUHGRPLQDQWO\PDOH7KHUHZDVQRGLIIHU
HQFHEHWZHHQWUHDWPHQWDUPVLQDJHS RUJHQGHUS $WEDVHOLQH
DOO JURXSV ZHUH PDUNHGO\ LPSDLUHG DFFRUGLQJ WR WKH<056 7KHUH ZHUH
VLJQL¿FDQWUHGXFWLRQVLQELSRODUV\PSWRPVRYHUZHHNVRIWKHUDS\IRUDOO
PHGLFDWLRQJURXSV7DEOH7KHUHZHUHPRGHUDWHO\LQFUHDVHGSURODFWLQOHY
HOVDVVRFLDWHGZLWK ULVSHULGRQH QJG/ WKDWZHUH VLJQL¿FDQWO\
KLJKHUWKDQRODQ]DSLQHQJG/DWHQGSRLQWTXHWLDSLQHQJ
G/DQG]LSUDVLGRQHQJG/,QQRVXEMHFWVZDVSURODFWLQHOHYDWHG
WR D FOLQLFDOO\ VLJQL¿FDQW OHYHO 2ODQ]DSLQH ZDV DVVRFLDWHG ZLWK PDUNHG
LQFUHDVH LQZHLJKW  NJ WKDWZDV VWDWLVWLFDOO\ VLJQL¿FDQWO\ JUHDWHU




RI RODQ]DSLQH RIIHUHG QR FOLQLFDO EHQH¿W EXWPD\ EH KHOSIXO LQPDQDJLQJ
ZHLJKWJDLQDVVRFLDWHGZLWKDW\SLFDODQWLSV\FKRWLFWKHUDS\)XWXUHSODFHER








2ODQ]DSLQH 2ODQ]DSLQH7RSLUDPDWH 4XHWLDSLQH 5LVSHULGRQH =LSUDVLGRQH
1  1  1  1  1  SYDOXH
<0560DQLD
%DVHOLQH      
(QGSRLQW     
&'56'HSUHVVLRQ
%DVHOLQH      
(QGSRLQW     
%3563RVLWLYH6[V
%DVHOLQH      
(QGSRLQW     
%3561HJDWLYH6[V
%DVHOLQH      
















































0XFN6HOHU' 3LYDF10XVWDSLF0 &UQFHYLF = -DNRYOMHYLF0 6DJXG









:H UHSRUWHG D FDVH RI D SDWLHQW ZLWK .RUVDNRII¶V V\QGURPH .6 ZKRVH
PHPRU\ ZDV LPSURYHG E\ PLOQDFLSUDQ VHURWRQLQ QRUDGUHQDOLQH UHXSWDNH
LQKLELWRU615,











+7 ZHUH  QRUPDO UDQJH      QJPO  QRUPDO UDQJH   
±QJPODQGQRUPDOUDQJH ±QJPOUHVSHFWLYHO\DW-XO\WK
0LOQDFLSUDQ PJGD\ZDV VWDUWHG LQ DGGLWLRQ WR FDUEDPH]HSLQH LQ
RUGHU WR LPSURYHPHPRU\GLVWXUEDQFHDW$XJXVWWK7KHSDWLHQW¶VFOLQLFDO
V\PSWRPVZHUH HYDOXDWHG E\ UHYLVHG+DVHJDZD GHPHQWLD VFDOH +'65
DQG%HQWRQYLVXDOUHWHQWLRQWHVW$IWHURQHPRQWKRIPLOQDFLSUDQWUHDWPHQW




















































5HVXOWV1LFRWLQH PJNJSURGXFHG D VLJQL¿FDQW LQFUHDVH LQ ORFRPRWRU
DFWLYLW\RI WKHPLFH S 'XQQHWW¶V WHVW+3(GHSUHVVHGVLJQL¿FDQWO\
ORFRPRWRU DFWLYLW\ RI WKHPLFH DW GRVH RI PJNJ S  'XQQHWW¶V
WHVW 2WKHU GRVHV RI +3(  PJNJ GLG QRW SURGXFH DQ\ VLJQL¿FDQW


















2EMHFWLYHV 3V\FKRVWLPXODQW SURSHUWLHV RI GUXJV VXFK DV FDIIHLQH FDQ EH
DVVHVVHGE\ORFRPRWRUDFWLYLW\DQGWKHVHSV\FKRVWLPXODQWHIIHFWVKDYHEHHQ





























RI WKH PLFH >)   S  RQHZD\$129$@ +3( GH
SUHVVHGVLJQL¿FDQWO\ORFRPRWRUDFWLYLW\RIWKHPLFHDWGRVHRIPJNJS 
'XQQHWW¶VWHVW2WKHUGRVHVRI+3(PJNJGLGQRWSURGXFHDQ\
VLJQL¿FDQW FKDQJH LQ WKH ORFRPRWRU DFWLYLWLHV+3( PJNJEORFNHG





&RQFOXVLRQV2XU UHVXOWV VXJJHVW WKDW+3(EORFNV FDIIHLQHLQGXFHG ORFR
PRWRUK\SHUDFWLYLW\LQPLFHDQGLWPD\EHXVHIXOIRUWUHDWPHQWRIFDIIHLQH


















2EMHFWLYHV ([WUDFW RI WKH FRPPRQ SODQW +\SHULFXP SHUIRUDWXP / 6W
-RKQµV:RUW 6-: KDV EHHQ XVHG VXFFHVVIXOO\ IRU WKH WUHDWPHQW RI PLOG





ZLWKGUDZDO V\QGURPH KDV QRW EHHQ SXEOLVKHG \HW7KH SUHVHQW VWXG\ZDV






























3HUIXPL 5 &LFFRFLRSSR 5 $QJHOHWWL 6 &XFFXOHOOL 0 0DVVL 0 

















,QWURGXFWLRQ +\SRQDWUDHPLD KDV EHHQ DVVRFLDWHG ZLWK WKH XVH RI DQWL




K\SRQDWUDHPLD 665,V VHOHFWLYHO\ LQKLELW +7 UHXSWDNHZLWK OLWWOH RU QR
HIIHFWRQWKHDGUHQHUJLFV\VWHP9HQODID[LQHH[HUWV LWVHIIHFWVE\EORFNLQJ




UHYLHZZH VRXJKW WR H[DPLQH WKH LQFLGHQFH RI K\SRQDWUDHPLD DVVRFLDWHG
ZLWKPLUWD]DSLQHVLQFHLWVLQWURGXFWLRQ
0HWKRGV/LWHUDWXUH VHDUFKHVZHUHSHUIRUPHGXVLQJ0HGOLQHDQG(PEDVH





5HVXOWV ,Q WKH WRWDOREVHUYDWLRQSHULRG LW LV HVWLPDWHG WKDWPLOOLRQSD
WLHQWV KDYH EHHQ WUHDWHGZLWKPLUWD]DSLQH0HGOLQH DQG(PEDVH OLWHUDWXUH





DQG WKHXVHRIPLUWD]DSLQHEHFDXVHRI RWKHUVXVSHFWGUXJV  
FRQFRPLWDQW GUXJ XVHZLWK NQRZQ ULVN   XQNQRZQ ULVN  IRU
K\SRQDWUHDPLDRU  LQVXI¿FLHQWGDWD ,V WKHUHDSHUFHQWDJHKHUH"
































5HVXOWV 7HUDWRJHQLF ULVN KDV QRW EHHQ UHSRUWHG VWURQJHU WKDQ LQ JHQHUDO




VDIHU WKDQ W\SLFDO QHXUROHSWLFV FRQFHUQLQJ SHULQDWDO DGYHUVH HYHQWV LQ
QHZERUQ SUREDEO\ EHFDXVH RI LWVZHDN DQWLFKROLQHUJLF DFWLYLW\ FRPSDUHG
ZLWKW\SLFDOQHXUROHSWLFV2XUUHSRUWVVXJJHVWWKDWLWPD\EHQRWQHFHVVDU\
WR LQWHUUXSW RODQ]DSLQH EHIRUH GHOLYHU\0HWDEROLVP FRPSOLFDWLRQV DUH RI
SDUWLFXODULQFLGHQFHZLWKRODQ]DSLQHXVHDQGUHTXLUHVSHFL¿FPHDVXUHV)HZ
UHSRUWVVXJJHVW WKDWZRPHQWDNLQJDW\SLFDODQWLSV\FKRWLFVPD\QHHG WREH
PRQLWRUHG IRU V\PSWRPV RI K\SHUJO\FHPLD GXULQJ SUHJQDQF\ ,Q RXU WZR







*  3UHJQDQF\ RXWFRPH LQ ZRPHQ UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLF





















WKH PDLQ HQ]\PH FDWDO\]LQJ 1GHPHWK\ODWLRQ 7KH DLP RI WKH SUHVHQW
VWXG\ZDV WRGHWHUPLQHZKHWKHU WKH VDPHZDV WUXH IRU WKH OLYHU WR
LQYHVWLJDWHWKHHIIHFWRIQHXUROHSWLFVRQFDIIHLQHPHWDEROLVP
0HWKRGV 7KH H[SHULPHQW ZDV FDUULHG RXW RQPDOH:LVWDU UDWV &DIIHLQH




5HVXOWV Į1DSKWKRÀDYRQH &<3$ LQKLELWRU LQKLELWHG 1 1 DQG
1GHPHWK\ODWLRQVDQGWKHK\GUR[\ODWLRQRIFDIIHLQHH[HUWLQJWKHZHDN




DQG K\GUR[\ODWLRQ ȕ1DSKWKRÀDYRQH &<3$ LQGXFHU DFFHOHUDWHG DOO
WKH UHDFWLRQV WHVWHG WKH HIIHFW RQ 1GHPHWK\ODWLRQ EHLQJ WKH ZHDNHVW
3UHJQHQRORQHĮFDUERQLWULOH &<3$ LQGXFHU PRGHUDWHO\ LQGXFHG






FDIIHLQHR[LGDWLRQ LQSRVLWLRQV  DQG DVZHOO DV RI&<3& IRU 1
GHPHWK\ODWLRQ DQG 1GHPHWK\ODWLRQ 7KHUHIRUH EHVLGHV &<3$ FDI
IHLQHPD\DOVREHXVHGWRURXJKO\HYDOXDWHWKHDFWLYLW\RI&<3&&KURQLF















ZLWK +RHFKVW  5HG ÀXRUHVFHQFH GXH WR GLK\GURHWKLGLQH FOHDYDJH




5HVXOWV %HVLGH DQ HOHYDWHG H[SUHVVLRQ RI WKH SURDSRSWRWLF JHQHV ED[


















WURSKLOFRXQWV LQFUHDVHG&RQFRPPLWDQWO\ WKHUHZDVDQIROG LQFUHDVHRI
&'FHOOVLQWKHEORRGDVDOUHDG\UHSRUWHGIRUOLWKLXPWKHUDS\
&RQFOXVLRQV,QQRQ&$SDWLHQWVWKHVXUYLYDORIQHXWURSKLOVLVDFKLHYHGE\
WKH LQGXFWLRQ RI SURWHLQV WKDW SURWHFW IURP R[LGDWLYH VWUHVV$GGLWLRQDOO\
SURGXFWLRQRI,/SUHYHQWVDSRSWRVLVRIQHXWURSKLOVDQGWULJJHUVSUROLIHUD
WLRQRISURJHQLWRUFHOOVLQWKHERQHPDUURZ:HVSHFXODWHWKDWLQKLELWLRQRU
ORVV RI WKHVH SURWHFWLQJ PHFKDQLVPV RU RYHUZKHOPLQJ R[LGDWLYH VWUHVV
















2EMHFWLYHV 6RFDOOHG DW\SLFV DV ZHOO DV WKH OLWKLXP FDWLRQ UHSUHVHQW WKH
VWDWH RI WKH DUW LQ WUHDWLQJ GLIIHUHQW NLQGV RI SV\FKRWLF GLVRUGHUV %HVLGH
WKHLU QHXURQDO EHQH¿WV PDQ\ KHPDWRORJLFDO VLGH HIIHFWV OLNH QHXWURSHQLD
DQGDJUDQXORF\WRVLVKDYHEHHQGHVFULEHG5HOHDVHRIVWHPFHOOVIURPWKH
ERQHPDUURZLQWRWKHEORRGZDVUHSRUWHGIRUOLWKLXPRQO\
0HWKRGV$IWHU JLYHQ LQIRUPHG FRQVHQW ZH H[DPLQHG OHXNRF\WHV RI 
SDWLHQWV XQGHU GLIIHUHQW DW\SLFDO QHXUROHSV\ LQFOXGLQJ OLWKLXP LRQ DQG
FOR]DSLQH DQG FRPSDUHG WKH UHVXOWV ZLWK WKRVH RI DJH DQG VH[ PDWFKHG
SDWLHQWVWDNLQJRWKHURUQRWUDQTXLOL]HUV$GGLWLRQDOO\ZHVWXGLHGSDWLHQWV
EHIRUHDQGFRQWLQRXVO\GXULQJQHXUROHSWLFWKHUDS\DQGSDWLHQWEHIRUHDQG
GXULQJ ORZ GRVHFKHPRWKHUDS\ ZLWK HWRSRVLGH &' LPPXQRODEHOHG
KHPDWRSRLHWLF VWHPFHOOVZHUH DQDO\]HGE\)$&6 ,Q LVRODWHGQHXWURSKLOV
IURPDOOWKHVHSDWLHQWVZHVWXGLHGPDUNHUVRIR[LGDWLYHVWUHVVDQGDSRSWRVLV
LQGXFWLRQ
5HVXOWV$V DOUHDG\ UHSRUWHG IRU OLWKLXP WKHUDS\  VWUXFWXUDOO\ GLIIHUHQW




WKDQFRQWUROYDOXHV7LPHFRXUVH DQG WKHQXPEHURISHULSKHUDO VWHPFHOOV




&RQFOXVLRQV 0HFKDQLVP DQG ELRORJLFDO FRQVHTXHQFHV RI WKH FRPSDUHG




















2EMHFWLYHV%UDLQHGHPD LVFRQVLGHUHGRQHRI WKHPRVW LPSRUWDQWPHFKD






0HWKRGV:LVWDU UDWV  J UHFHLYHG RUDOO\7(7 EURPLGH DW PJ
NJGD\ /LQHH DQG0&% WZLFHGDLO\DWDQGPJNJGD\ IRU
¿YHGD\V2QWKH¿IWKGD\HGHPDIRUPDWLRQZDVPHDVXUHGE\ZDWHUZHLJKW
EUDLQ FKDQJHV DQG VRGLXP FRQWHQWV E\ LRQLF FKURPDWRJUDSK\1HXURORJLF
GH¿FLWZDV VFRUHG IURP QRUPDOEHKDYLRXU WR ORVVRI ULJKWLQJ UHÀH[
XQWLOGHDWK










FRQWURO JURXSV ,Q UDWV VXEMHFWHG WR7(70&% DW  DQG PJNJGD\
VWURQJO\UHGXFHGWKHQHXURORJLFDOGH¿FLWE\DQGUHVSHFWLYHO\
&RQFOXVLRQV ,Q 7(7LQGXFHG FHUHEUDO HGHPD 0&% H[HUWV D SURWHFWLYH
HIIHFWRQWKHGHYHORSPHQWRIDF\WRWR[LFHGHPDFRQ¿UPLQJLWVQHXURSURWHF
WLYH SRWHQWLDO$ UDWLRQDOH FDQ EH SURSRVHG WR DFFRXQW IRU WKLV SURWHFWLYH










LW\ RI&$ QHXURQHV LQ JXLQHDSLJ KLSSRFDPSDO VOLFHVLPSOLFDWLRQ IRU LWV
QHXURSURWHFWLYHSURSHUWLHV1HXURSKDUPDFRORJ\
/LQHH 3  &HUHEUDO HGHPD LQ UDWV LQGXFHG E\ WULHWK\OWLQ 9DOXH DQG
OLPLWDWLRQVDVVWXG\PHWKRGRIFHUHEUDODQWLHGHPDGUXJV$QQ3KDUP)U











WUHDWPHQW LV OLPLWHG WRGD\VGXULQJZKLFK WKHSDWLHQWVJHWDQDFWLYH
DQWLSV\FKRWLFWKHUDS\DLPHGDWUDSLGUHGXFWLRQRISV\FKRVLVDQGSUHYHQWLRQ
RIORQJWHUPKRVSLWDOWUHDWPHQW
2EMHFWLYHV 7R VWXG\ WKH FRPSDUDWLYH HI¿FDF\ RI DW\SLFDO DQG FRQYHQ
WLRQDO QHXUROHSWLFV ZKLFK ZLOO HQDEOH WR UHGXFH WKH KRVSLWDOL]DWLRQ WHUP
DQGFRVWV
0HWKRGV &OLQLFRSV\FKRSDWRORJLFDOPHWKRG XVLQJ&*, DQG%3560DOH
DQG IHPDOH VDPSOH JURXSV VXIIHULQJ IURP DFXWH VFK\]RSKUHQLD VFK\]RDI
IHFWLYHSV\FKRVLV DQG VKRUWWHUP WUDQVLW SV\FKRVLVKDYHEHHQ VWXGLHG7KH
SDWLHQWVZHUHWUHDWHGZLWKVWDQGDUGGRVHVRIQHXUROHSWLFVGXULQJGD\V
RIFULVHVWUHDWPHQW








































5HVXOWV 6LQJOH0$3 DFXWH0$3 DGPLQLVWUDWLRQ VLJQL¿FDQWO\ GHFUHDVHG
1*&P51$OHYHOVLQWKHIURQWDOFRUWH[)&YHQWUDOWHJPHQWDODUHD97$
DQG DP\JGDOD $0< DV FRPSDUHG WR YHKLFOHWUHDWHG JURXSV 5HSHDWHG
























VXEVWUDWHGUXJZDVPHDVXUHG EHIRUH DQG DIWHU  GD\V RI WUHDWPHQWZLWK
GXOR[HWLQH PJGD\ HVFLWDORSUDP PJGD\ RU VHUWUDOLQH PJGD\
LQ \RXQJ KHDOWK\PDOH DQG IHPDOH YROXQWHHUV  LQGLYLGXDOV LQ HDFK





5HVXOWV (VFLWDORSUDP LQ FRPSDULVRQ WR VHUWUDOLQH SURGXFHG D JUHDWHU LQ
FUHDVHLQ&PD[YHUVXVUHVSHFWLYHO\3DQG$8&





SURGXFHGDJUHDWHU LQYLYR LQKLELWLRQRI&<3' WKDQGLG VHUWUDOLQH
PJGD\7KHUHVXOWVIRUGXOR[HWLQHPJGD\DUHSHQGLQJ
5HIHUHQFHV
3UHVNRUQ6+ 5HSURGXFLELOLW\ RI WKH LQ YLYR HIIHFW RI WKH VHOHFWLYH
VHURWRQLQ UHXSWDNH LQKLELWRUVRQ WKH LQYLYR IXQFWLRQRI F\WRFKURPH3
'$QXSGDWHSDUW,-3V\FKLDWU3UDFW
3UHVNRUQ6+ 5HSURGXFLELOLW\ RI WKH LQ YLYR HIIHFW RI WKH VHOHFWLYH










FRUUHFWLRQ RI K\SRQDWUHPLD IDVWHU WKDQ PPROO IRU  KRXUV 6HYHUDO
FRPSOLFDWLRQV KDYH EHHQ GHVFULEHG DV ULVN IDFWRUV RI GHYHORSPHQW RI K\
SRQDWUHPLDDQG&30PDOQXWULWLRQDOFRKROLVPOLYHUDQGNLGQH\GLVHDVHV
FKDQJHV RI DQWLGLXUHWLF KRUPRQH UHOHDVH $'+ 3V\FKRWURSLFPHGLFDWLRQ
LV FRQQHFWHG ZLWK GHYHORSPHQW RI K\SRQDWUHPLD GXH WR V\QGURPH RI LQ









$ \HDUROG ZRPDQ ZDV DGPLWHG EHFDXVH RI DOFRKRO ZLWKGUDZDO ZLWK
K\SRQDWUHPLD$IWHUFRUUHFWLRQRIK\SRQDWUHPLDVKHGHYHORSHGNYDGUXSDUH
VLV 6KH XVHG KDORSHULGRO &30 ZDV GHVFULEHG DIWHU PDJQHWLF UHVRQDQFH
H[DPLQDWLRQ
$ \HDUROG ZRPDQ ZDV DGPLWHG EHFDXVH RI VHYHUH K\SRQDWUHPLD$OO
VRPDWLFFDXVHVRIK\SRQDWUHPLDZHUHH[FOXGHG VKHXVHGPLUWD]DSLQHDQG
DPLVXOSULGH





































PRGDO GRVHV RI /$,5 ZHUH PJ  RI SDWLHQWV PJ  DQG
PJ 0HDQ3$166 WRWDO VFRUHGHFUHDVHG VLJQL¿FDQWO\ IURPEDVH
OLQH WR HQGSRLQW  WR  S 3$166 SRVLWLYH 
WR DQGQHJDWLYH  WR VXEVFRUHV DQG&*,DOVR
LPSURYHGVLJQL¿FDQWO\SIRUDOORIWKHSDWLHQWVGLVFRQWLQ













2EMHFWLYHV 7R HYDOXDWH FRPSOLDQFH KDQGOLQJ WKHUDSHXWLF DOOLDQFH DQG
SDWLHQWVDWLVIDFWLRQLQSDWLHQWVZLWKVFKL]RSKUHQLDIROORZLQJWUDQVLWLRQIURP






























2EMHFWLYHV 7KH REMHFWLYH RI WKLV VWXG\ LV WKH DVVHVPHQW RI HI¿FDF\ DQG
WROHUDELOLW\RI LQWUDPXVFXODU=LSUD]LGRQH LQRXW±3DWLHQWVSUHVHQWLQJSV\
FKRPRWRUDJLWDWLRQEHFDXVHRIDFXWHSV\FKRVHVDVDQDOWHUQDWLYHRIFODVVLF
QHXUROHSWLFV ZKLFK VLGH HIIHFWV DUH H[FFHVVLYH VHGDWLRQ ([WUDS\UDPLGDO
6\QGURPHVDQGRUWKRVWDWLFK\SRWHQVLRQ




WHULD $3$ %HKDYLRUDO$FWLYLW\5DWLQJ6FDOH %$56ZDVDSSOLHG




5HVXOWV ,WZDV REVHUYHG DYHUDJH UHGXFWLRQV RI  RUPRUH SRLQWV LQ WRWDO
VFRUHRI%$56LQ WHQSDWLHQWVPRVWRI WKHPLQQH[WPLQXWHV





$ UHGXFWLRQ LQ WRWDO WLPHRI UHVWUDLQW RI SDWLHQWV E\ QXUVHU\ VWDIIZDV RE
VHUYHG


















2EMHFWLYHV$QDFXWH LQFUHDVHDQG ODWHUGHFOLQHRIGRSDPLQH WXUQRYHUDV













DFWLYLW\ RI '23$ GHFDUER[\ODVH N' 7KHUHIRUH FRPSDUWPHQWDO NLQHWLF
DQDO\VLVZDVXVHGWRLGHQWLI\WKHSK\VLRORJLFDOEDVLVRIWKHREVHUYHGFKDQJHV
LQ.LQDSSSHULRG
5HVXOWV7KHPDJQLWXGHRI.LQDSSZDV VLJQL¿FDQWO\ LQFUHDVHG LQ WKHSXWD
































IURP UDW RU JXLQHD SLJ EUDLQ ZDV PHDVXUHG DFFRUGLQJ WR WKH PHWKRG RI
7KRPDVHWDO([YLYRGLVSODFHPHQWRI>+@:$<DQG>+@















WKH VHURWRQLQ WUDQVSRUWHU H[ YLYRZLWK DQ('RI PJNJ SR LQ ERWK
VSHFLHV8VLQJLQYLYRHOHFWURSK\VLRORJ\6%$PJNJLY
SURGXFHGD VPDOO a LQFUHDVH LQPLGEUDLQ UDSKH+7QHXURQDO FHOO
¿ULQJZKHQ DGPLQLVWHUHG DORQH DQG VLJQL¿FDQWO\ DWWHQXDWHG WKH LQKLELWRU\
HIIHFW RI 2+'3$7 8VLQJ LQ YLYR PLFURGLDO\VLV DFXWH DGPLQLVWUDWLRQ
RI6%%PJNJSRSURGXFHGDQDSSUR[IROGLQFUHDVHLQ
H[WUDFHOOXODU+7OHYHOVLQWKHUDWIURQWDOFRUWH[JXLQHDSLJGHQWDWHJ\UXV
DQG IURQWDO FRUWH[ ,Q FRQWUDVW DFXWH SDUR[HWLQH DGPLQLVWUDWLRQ SURGXFHG
QRFKDQJHLQH[WUDFHOOXODU+7LQHLWKHUVSHFLHV:KLOVWGD\VFKURQLF
DGPLQLVWUDWLRQ SDUR[HWLQH  PJNJ SR RG LQGXFHG DQ DSSUR[  IROG
LQFUHDVHLQUDWFRUWLFDO+7OHYHOV










+XJKHV =$ 'DZVRQ /$  'LIIHUHQWLDO DXWRUHFHSWRU FRQWURO RI
H[WUDFHOOXODU+7LQJXLQHDSLJDQGUDWVSHFLHVDQGUHJLRQDOGLIIHUHQFHV
3V\FKRSKDUPDFRO





HWLQH D VSHFL¿FK\GUR[\WU\SWDPLQHXSWDNH LQKLELWRU3V\FKRSKDUPDFRO















ORFDWHGSUHV\QDSWLFDOO\ DQG+7DXWRUHFHSWRUV WKDW UHVLGHRQFHOOERGLHV
+7$UHFHSWRUVXEW\SHDQGRQQHUYHWHUPLQDOV+7%DQGRU+7'
UHFHSWRUVXEW\SH7KHDLPRIWKHVHVWXGLHVZHUHWRSKDUPDFRORJLFDOO\FKDU
DFWHULVH 6%% D QRYHO 665,+7$%' UHFHSWRU DQWDJRQLVW LQ
KXPDQUHFRPELQDQWDQGQRQKXPDQQDWLYHWLVVXHUHFHSWRUV\VWHPV
0HWKRGV 5DGLROLJDQG ELQGLQJ VWXGLHV DJDLQVW KXPDQ UHFRPELQDQW K 
+7$%'UHFHSWRUVDQG6(57ZHUHFDUULHGRXWDFFRUGLQJWR.HQQHWHW
DODQG$JQHOHWDOUHVSHFWLYHO\5DGLROLJDQGELQGLQJVWXGLHV
DJDLQVW QRQKXPDQ QDWLYH WLVVXH +7$%' UHFHSWRUV ZHUH FDUULHG RXW
DFFRUGLQJWR:DWVRQHWDO7KHIXQFWLRQDODFWLYLW\RI6%%





























&RUUDGHWWL 5 HW DO  $QWDJRQLVW SURSHUWLHV RI SLQGRORO DQG
:$<DW VRPDWRGHQGULWLFDQGSRVWV\QDSWLF+7$ UHFHSWRUV LQ WKH
UDWEUDLQ%U-3KDUPDFRO
.HQQHW*$HWDO,QYLWURDQGLQYLYRSUR¿OHRI6%DSRWHQW
+7&% UHFHSWRU DQWDJRQLVWZLWK DQ[LRO\WLFOLNH SURSHUWLHV%U - 3KDU
PDFRO




HWLQH D VSHFL¿FK\GUR[\WU\SWDPLQHXSWDNH LQKLELWRU3V\FKRSKDUPDFRO




















EHFDXVHRI IHDURIDFWLQJ LQDQHPEDUUDVVLQJZD\+LV IHDUZDV UHODWHG WR
KLV SHUVLVWHQW EHOLHI WKDW KH FRXOG XQGHUVWDQG QRWKLQJ DERXW VXUURXQGLQJ
ZRUOGDOWKRXJKKHVKRZHGWKHQRUPDOFRJQLWLYHIXQFWLRQ+HDYRLGHGVRFLDO



















6WXGLHV KDYH UHSRUWHG WKH HI¿FDF\ RI 665, LQ WKH WUHDWPHQW RI2&' DQG
FRPELQDWLRQ WKHUDS\ XVLQJ 665,V DQG QHXUROHSWLFV LV HIIHFWLYH DJDLQVW
665,VUHVLVWDQW2&'2XU¿QGLQJVVXJJHVWWKDWVLPLODUWR665,VUHVLVWDQW
2&' 665,VUHVLVWDQW VRFLDO SKRELDPD\ UHVSRQG WR FRPELQDWLRQ WKHUDS\
XVLQJ 665,V DQG ULVSHULGRQH DQG OHDG WKH K\SRWKHVLV WKDW GRSDPLQHUJLF
PHFKDQLVP DV ZHOO DV VHURWRQHUJLF PHFKDQLVP PLJKW EH LPSOLFDWHG QRW




$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 'LDJQRVWLF DQG 6WDWLVWLFDO 0DQXDO RI












































HOHYDWHG LQ VRPH SDWLHQWV GXULQJ WKH HDUO\ VWDJHV RI$O]KHLPHU¶V GLVHDVH
$'$OWKRXJK SODVPD$ȕ LV QRW XVHIXO IRU GLDJQRVLV RI$' LWPLJKW
EHDELRORJLFDOULVNIDFWRU,QWKHHOGHUO\SRSXODWLRQDFRQVLGHUDEOHYDULHW\
RI FRQFRPLWDQWPHGLFDWLRQ LV XVHG IRU WKH WUHDWPHQW RI YDULRXV GLVRUGHUV
+RZWKLVFRPHGLFDWLRQPLJKWLQÀXHQFH$ȕOHYHOVZDVLQYHVWLJDWHGLQWKH
9LHQQD7UDQVGDQXEH$JLQJVWXG\9,7$
0HWKRGV:H PHDVXUHG FURVVVHFWLRQDOO\$ȕ SODVPD OHYHOV GXULQJ WKH
LQLWLDOH[DPLQDWLRQRILQGLYLGXDOVDJHG\HDUVZKRSUHVHQWHGZLWKRXW
GHPHQWLD 7KH PHGLFDWLRQ FRQVLGHUHG LQFOXGHG WUHDWPHQW ZLWK FDOFLXP
FKDQQHO EORFNHUV GLJLWDOLV DQWLFRDJXODQWV DQWLKLVWDPLQHV HUJRWDPLQH
KLVWDPLQH + UHFHSWRU DQWDJRQLVWV EURQFKRGLODWRUV SHQWR[\¿OOLQH QHX







































5HVXOWV $OO SDWLHQWV ¿QLVKHG WUHDWPHQW VXFFHVVIXOO\ /HYHWLUDFHWDP ZDV
DEOH WR UHGXFH$:6VHYHULW\ VLJQL¿FDQWO\:KLOH  SDWLHQWV  FRXOG




&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW OHYHWLUDFHWDP LV VDIH DQG HI¿FD
FLRXVIRUWKHWUHDWPHQWRIDFXWH$:67KHXVHRIPRGHUQ$('VQRWDIIHFWLQJ
















































0HWKRGV 7KLV RSHQODEHO \HDU H[WHQVLRQ WULDO IROORZHG SDWLHQWV DJHG
± \HDUV ZLWK'%'ZKR SDUWLFLSDWHG LQ D GRXEOHEOLQG PRQWK UH
ODSVHSUHYHQWLRQWULDORIULVSHULGRQH5HVHDUFKHUVHQUROOHGSDWLHQWV
LQFOXGLQJ WKRVH SUHYLRXVO\ WUHDWHG ZLWK ULVSHULGRQH Q  DQG SODFHER
























SDWLHQWV JURXSV DV DVVHVVHG RQ WKH&*,6 SODFHERULVSHULGRQH  >6'
@DQGULVSHULGRQHULVSHULGRQH>6'@




 5H\HV0 %XLWHODDU -$XJXVW\QV , (HUGHNHQV0 5HODSVH SUHYHQWLRQ
RI GLVUXSWLYH EHKDYLRU GLVRUGHUV LQ FKLOGUHQ DQG DGROHVFHQWV D VL[PRQWK




































HQGRI WUHDWPHQW$WEDVHOLQH RI VXEMHFWVZHUH FRQVLGHUHGE\
WKHLU SDUHQWVFDUHJLYHUV WR KDYH D JRRGRU H[FHOOHQW DSSHWLWH DQG WKLVZDV
PDLQWDLQHGWKURXJKRXWWKHVWXG\SHULRG+LVWRU\RIPRWRUWLFVZDVUHSRUWHG
LQ  VXEMHFWV$W HDFK DVVHVVPHQW XS WR  VXEMHFWV UHSRUWHGPRWRU WLFV
PRVWO\ RI PLOG VHYHULW\ 2QH VXEMHFW H[SHULHQFHG YHUEDO WLFV DW EDVHOLQH
DQGXSWRWKUHHVXEMHFWVGXULQJWKHVWXG\1RYHUEDOWLFVZHUHUHSRUWHGDIWHU
PRQWKRIWUHDWPHQW















0HWKRGV$GXOW SDWLHQWV FOLQLFDOO\ VWDEOH IRU PRQWK RQ WKHLU SUHYLRXV
DQWLSV\FKRWLFPHGLFDWLRQEXW UHTXLULQJD WUHDWPHQWFKDQJH UHFHLYHG5/$,











S$W HQGSRLQW RI SDWLHQWV VKRZHG D LPSURYHPHQW LQ










HUHG V\PSWRPDWLFDOO\ VWDEOH RQ WKHLU SUHYLRXV DQWLSV\FKRWLF PHGLFDWLRQ
V\PSWRP FRQWURO IXQFWLRQLQJ PRYHPHQW GLVRUGHUV DV ZHOO DV TXDOLW\ RI

















DJH UHTXLULQJ ORQJWHUPDQWLSV\FKRWLF WUHDWPHQWDQG VWDEOHRQ WKHLUSUHYL
RXVDQWLSV\FKRWLFUHJLPHQIRUPRQWKUHFHLYHGULVSHULGRQH/$,PJ
LQFUHDVLQJWRRUPJLIQHFHVVDU\HYHU\WZRZHHNVIRUPRQWKV7KH
SUHYLRXV RUDO DQWLSV\FKRWLFPHGLFDWLRQZDVPDLQWDLQHG IRU ZHHNV DIWHU




5HVXOWV 2I  UHFHQWO\ GLDJQRVHG SDWLHQWV  ZHUH PDOH 0HDQ DJH
ZDV  \HDUV ZLWK WKHPHDQ DJH DW LQLWLDO GLDJQRVLV RI  \HDUV









EDO IXQFWLRQLQJ VRFLDO IXQFWLRQLQJ UROHHPRWLRQDO DQGPHQWDO KHDOWK DOVR


































ZHUH HVWDEOLVKHG E\PHDQV RI WKH$',5 )RU WKH GLPHQVLRQDO DVFHUWDLQ
PHQWRIV\PSWRPVWKH$EHUUDQW%HKDYLRU&KHFNOLVW±$%&ZDVXVHGZKLFK
LQFOXGHVVXEVFDOHVLUULWDELOLW\ZLWKGUDZDOVWHUHRW\SLHVK\SHUDFWLYLW\DQG
LQDSSURSULDWH VSHHFK &KLOGUHQ ZLWK DQ LUULWDELOLW\ VXEVFDOH VFRUH RI !
ZHUH LQFOXGHG LQWR WKH SLORW VWXG\ ,QGHSHQGHQW EHKDYLRXUDO UDWLQJV ZHUH
FRQGXFWHG E\ SDUHQWV DQG SURIHVVLRQDOV DW WKH EDVHOLQH  DQG ZHHNV














%HOO -*  5HG EORRG FHOO IDWW\ DFLG FRPSRVLWLRQV LQ D SDWLHQWZLWK
DXWLVWLFVSHFWUXPGLVRUGHUDFKDUDFWHULVWLFDEQRUPDOLW\LQ







0LQVKHZ 1- $ SUHOLPLQDU\ 3056 VWXG\ RI DXWLVP HYLGHQFH
IRU XQGHUV\QWKHVLV DQG LQFUHDVHG GHJUDGDWLRQ RI EUDLQ PHPEUDQHV %LRO
3V\FKLDWU\-XQ


















0HWKRGV$ WRWDO RI  SDWLHQWV  PDOHV  IHPDOHV ZLWK D PHDQ
DJHRI 6' UHIHUUHG WRRXU VOHHS ODERUDWRU\ IRU WKHHYDOXDWLRQRI
VQRULQJ DQG GLVWXUEHG VOHHSZHUH VWXGLHGZLWK SRO\VRPQRJUDSK\&DURWLG
DWKHURVFOHURVLVZDV HYDOXDWHGE\ WKH IROORZLQJ IRXU LQGLFHV SODTXH VFRUH
3OD6 LQWLPDPHGLD WKLFNQHVV ,07 RI FRPPRQ FDURWLG DUWHU\ &&$
,07,07RIEXOEWRLQWHUQDOFDURWLGDUWHU\%XOE,&$,07DQGFRPELQHG
,07PHDVXUHPHQWVIURPDOOVHJPHQWV.QRZQFRQIRXQGLQJULVNIDFWRUVIRU
DWKHURVFOHURVLV DJH VH[ REHVLW\ K\SHUOLSLGHPLD K\SHUWHQVLRQ GLDEHWHV
PHOOLWXV VPRNLQJ DQG GUXJV ZHUH DOVR LQYHVWLJDWHG 6WHSZLVH PXOWLSOH





26$ $+,!7KHSURJUHVVLRQRI ,07 WKLFNQHVV VWDUWHG LQPLOG26$
ZKHUHDVSODTXH IRUPDWLRQZDVPDLQO\EH VHHQ LQ VHYHUH26$7KH&&$
,07ZDVPRVWVLJQL¿FDQWO\DVVRFLDWHGZLWKWKH$+,ȕ S EXW






&RQFOXVLRQV26$SOD\V D JUHDWHU UROH LQ HDUO\ WKDQ LQ ODWH VWDJH DWKHUR



















0HWKRGV 7R DVVHVV WKH SUHVHQFH RI PRRG V\PSWRPV GHSUHVVLYH W\SH




ZLWK ¿UVW HSLVRGH RI VFKL]RSKUHQLD HTXDOO\ GLVWULEXWHG LQ  JURXSV HDFK
JURXSUHFHLYLQJDGLIIHUHQWDQWLSV\FKRWLF2ODQ]DSLQHPJGD\4XHWLDSLQH
PJGD\5LVSHULGRQH PJGD\ RU$PLVXOSULGH PJGD\ PHGLXP
GRVDJHV3DWLHQWVZHUHHYDOXDWHGGXULQJDVL[PRQWKVLQWHUYDO
5HVXOWV$V WKH UHVXOWV GHFUHVLQJ LQ&'66DQG3$166VFRUHV UHÀHFWHG
2ODQ]DSLQHZDVPRUHHI¿FDFLRXVLPSURYHPHQWUDWHWKDQ4XHWLDSLQH
5LVSHULGRQHDQG$PLVXOSULGH7KHUHZHUHQRYROXQWDU\







VLYLW\ SURSK\OH WR DW\SLFDO DQWLSV\FKRWLFV DQG WKH LQLWLDWLRQ RI WKHUDS\ LV
DQ LPSRUWDQW SURJQRVLV IDFWRU UHJDUGLQJ WKH SDWLHQWµV ULVN IRU D JUDGXDOO\
DJJUDYDWLRQ$VWKHDFXWHSV\FKRWLFGLVRUGHULVXVXDOO\REVHUYHGLQDGROHV


































LQ DOO WUHDWHG SDWLHQWV5HJDUGLQJ DQ H[SOLFLW FRQVHQW RI RXU SDWLHQWV WKDW




















DJH$ UHFHSWLRQQ DQG% ORQJWHUPQ WUHDWPHQW
5HVXOWV$JHDYHUDJHZDV$DQG%\HDUV'XUDWLRQRIWUHDW
PHQWDYHUDJH$%PRQWKV'LDJQRVHVLQDFFRUGDQFHZLWK,&'
 $% )  )  )  ) 
6XEVWDQFHDEXVH))7KHSURSRUWLRQRISDWLHQWV
WUHDWHGZLWKQHXUROHSWLFVRQUHFHSWLRQRUORQJWHUPWUHDWPHQWIDFLOLWLHVZDV
DV IROORZV$ % $W\SLFDO QHXUROHSWLFV ZHUH SUHGRPLQDQW LQ
WKH DFXWH WUHDWPHQW RI SDWLHQWV  ORQJWHUP WUHDWPHQW ZDV PRVWO\
SHUIRUPHGE\FRQYHQWLRQDOQHXUROHSWLFV




 PJ >'HSRW PJ@ %HQSHULGRO  PJ 
)OXSHQWL[RO>PJ@PJ>PJ@+DORSHULGRO
PJ>PJ@3HUSKHQD]LQPJ>PJ@
&RQFOXVLRQV 7KH JUHDWHU WKH QXPEHU RI SDWLHQWV UHDFKLQJ WKH VWDWXV RI
EHLQJ UHOHDVHG WKHPRUH OLNHO\ LV WKHLU WUHDWPHQWZLWKFRQYHQWLRQDODQGRU


































(WKDQRO DQGPJNJ LSVLJQL¿FDQWO\GHFUHDVHG WKHDFWLYHVRFLDO
LQWHUDFWLRQ EHKDYLRU LQ ERWK LVRODWLRQ DQG VRFLDOO\ UHDUHG UDWV FRPSDUHG












































































RI EUDLQ IXQFWLRQLQJ DV D FRQVHTXHQFH RI FHUHEUDO DQR[LD DQG DVVRFLDWHG
ELRFKHPLFDO PHFKDQLVPV 7KHVH FKDQJHV DSSHDU TXLFNO\ DIWHU SRLVRQLQJ
DQGVRPHWLPHVODVWIRU\HDUV2QWKHEDVLVRIVXFKDFOLQLFDOREVHUYDWLRQZH
UHYLHZWKHOLWHUDWXUHRQWKLVWRSLF
0HWKRGV$\HDUROG IHPDOH SDWLHQW GHVFULEHV GRPHVWLF&2SRLVRQLQJ
WKDWRFFXUUHG\HDUVSULRUWRDGPLVVLRQ,QWKHGD\VIROORZLQJWKHLQWR[LFD
WLRQ VKH FRPSODLQHG RI FRQVWDQW XQUHPLWWLQJ IDWLJDELOLW\ DQG KHDGDFKHV
LQVRPQLD OLPESDLQPHPRU\DQGFRQFHQWUDWLRQSUREOHPVDQGZRUGUHFDOO






RQ50, DQG WKH  KRXUV ((* GHPRQVWUDWHV DQ DEVHQFH RI GHHS15(0
VOHHS'HVSLWHDYHUDJHOHYHOVRIJHQHUDOLQWHOOHFWXDOIXQFWLRQLQJVXEMHFWLYH
FRJQLWLYH GLI¿FXOWLHV DQG PRRG GLVWXUEDQFHV VHYHUHO\ LPSDFWHG XSRQ WKH
SDWLHQW¶VOHYHORIIXQFWLRQLQJ,QRUGHUWRHYDOXDWHSRVVLEOHRXWFRPHVIRUWKLV
SDWLHQWDUHYLHZ0HGOLQHZDVSHUIRUPHG
5HVXOWV /RQJ WHUP RXWFRPH VHHPV WR EH GHWHUPLQHG E\ GXUDWLRQ RI H[





LQWHOOHFWXDO GLVWXUEDQFHV G\VFDOFXOLD DPQHVLD GLVRULHQWDWLRQ DQG MXGJ
PHQWGLI¿FXOWLHV0RUHRYHUDOPRVWWKHVDPHSURSRUWLRQRIVXEMHFWVVKRZV
FKURQLF SHUVRQDOLW\ FKDQJHV HPRWLRQDO LQVWDELOLW\ ZLWK GHSUHVVLYH DQG
DQ[LRXVPRRGLQIDQWLOLVPK\SHUDFWLYLW\DQGODFNRIVSHHFKDQGEHKDYLRUDO









EH SURSRVHG WR SDWLHQWV WKDW VXUYLYH WKH DFXWH SKDVH RI &2 LQWR[LFDWLRQ




 /RQJWHUP IROORZXS VWXG\ RQ VHTXHODH RI FDUERQ PRQR[LGH SRLVRQ
LQJ VHULDO LQYHVWLJDWLRQ  \HDUV DIWHU SRLVRQLQJ 0LPXUD . +DUDGD
0 6XPL\RVKL 6 7RK\D * )XMLWD ( 7DWHWVX 6 6HLVKLQ 6KLQNHLJDNX
=DVVKL
 &RQWLQXLQJ 'HFOLQH RI PHPRU\ VNLOOV ZLWK VLJQL¿FDQW UHFRYHU\ RI



































FDQ ZLQ RU ORRVHPRQH\ LQ WKH XSFRPLQJ WDVN 7KH EUDLQ DFWLYDWLRQ ZDV
DQDO\VHGIRUWKHWDVNDQWLFLSDWLRQSKDVH
5HVXOWV 'XULQJ WKH DQWLFLSDWLRQ RI UHZDUG SDWLHQWV WUHDWHG ZLWK W\SLFDO
DQWLSV\FKRWLFV VKRZHG OHVV DFWLYDWLRQ RI WKH ULJKW QXFOHXV DFFXPEHQV
7PD[ SFRUUHFWHGIRUWKHUHJLRQRILQWHUHVWDQGWKHULJKWSXWD
PHQ7PD[ SFRUUHFWHGIRUWKH52,WKDQWKRVHWUHDWHGZLWKDW\SL
FDO DQWLSV\FKRWLFV ,Q FRQWUDVW WKHUHZDVQR VLJQL¿FDQWO\KLJKHU DFWLYDWHG
UHJLRQGXULQJUHZDUGDQWLFLSDWLRQLQWKHW\SLFDOO\WUHDWHGSDWLHQWV
&RQFOXVLRQV$V H[SHFWHG ZKHQ DQWLFLSDWLQJ DQ UHZDUG SDWLHQWV WUHDWHG
ZLWKW\SLFDODQWLSV\FKRWLFVVKRZHGOHVVDFWLYDWLRQRIFHQWUDOUHJLRQVRIWKH





OLNH EHKDYLRXU DV REVHUYHG DV D VLGH HIIHFW RI WKLV SDUWLFXODUPHGLFDWLRQ
+RZHYHU VLQFH IRU WKH SUHVHQW H[SHULPHQW SDWLHQWV ZHUH QRW UDQGRPO\




KHGRQLF LPSDFW UHZDUG OHDUQLQJ RU LQFHQWLYH VDOLHQFH %UDLQ UHVHDUFK
UHYLHZV























DQG  0 RQ WKH HOHYDWLRQ RI LQWUDFHOOXODU IUHH FDOFLXP FRQFHQWUDWLRQ







5HVXOWV7UHDWPHQW RI WKH FHOOVZLWK  DQG093$ IRU PLQGLG
QRW FKDQJH WKH FDUEDFKROLQGXFHG >&D@L HOHYDWLRQ 7UHDWPHQW ZLWK 





FHOOV2Q WKHRWKHUKDQG WKH WUHDWPHQWRI WKHFHOOVZLWK093$IRU
RUK VOLJKWO\ LQFUHDVHG WKH%PD[YDOXHEXWQRW WKH.GYDOXH LQ WKH
ELQGLQJRI>+@TXLQXFOLGLQ\OEHQ]\ODWHDPXVFDULQLFUHFHSWRUOLJDQGWRWKH






























SDUDGLJPV 0RWRU7KUHVKROG 07 &RUWLFDO 6LOHQW 3HULRG &63 3DLUHG







&RQFOXVLRQV706PD\EHIXUWKHUGHYHORSHGDVDQ LQVWUXPHQW IRU WKHDV





















LQKLELWLRQ ,&,7KLV HIIHFWPD\EHPHGLDWHGE\ U706 LQGXFHG HQKDQFH
PHQW RI 3XUNLQMH FHOO DFWLYLW\ 2WKHU SDUDPHWHUV RI FRUWLFDO H[FLWDELROLW\
UHPDLQHGXQFKDQJHG
&RQFOXVLRQV U706RYHU WKH FHUHEHOOXPKDV ODVWLQJ HIIHFWV RQ FHUHEHOOR











XQVSHFL¿F VRPDWLF DQGRU QHXURSV\FKRORJLFDO FRPSODLQWV RI SDWLHQWV KDV
EHHQUHSRUWHGYHU\IUHTXHQWO\LQWKHODVW\HDUV+RZHYHUDFOHDUGH¿QLWLRQ
DVZHOO DVGLDJQRVWLF FULWHULD DUH ODFNLQJ VR IDU0RVWSURYRFDWLRQ VWXGLHV
IDLOHG WR GHPRQVWUDWH D FDXVDO UHODWLRQVKLS EHWZHHQ (0)H[SRVXUH DQG
V\PSWRP IRUPDWLRQ7KHUHIRUH K\SHUVHQVLWLYLW\ WR (0) VHHPV WR EHORQJ
WRWKHJURXSRIFKURQLFPXOWLV\PSWRPLOOQHVVHV8QWLOQRZWKHXQGHUO\LQJ
QHXURELRORJLFDO SURFHVVHV RI V\PSWRP IRUPDWLRQ DQG FKURQL¿FDWLRQ DUH
FRPSOHWHO\XQNQRZQ$FRPSOH[LQWHUDFWLRQRIJHQHWLFSUHGLVSRVLWLRQIDF
WRUV WULJJHULQJ HYHQWV DQG HQYLURQPHQWDO LQÀXHQFHV VHHP WREH LQYROYHG
&RUWLFDOH[FLWDELOLW\SDUDPHWHUVFDQEHGHWHUPLQHGE\PHDVXULQJLQWUDFRUWL
FDOLQKLELWLRQ,&,DQGIDFLOLWDWLRQ,&)E\WUDQVFUDQLDOPDJQHWLFVWLPXOD
WLRQ 706 ,W KDVEHHQ VKRZQ UHFHQWO\ WKDW ,&, DQG ,&)PD\EHXVHG WR
GHWHFWSK\VLRORJLFDOHQGRSKHQRW\SHVDQGPD\EHFRUUHODWHGWREHKDYLRXUDO
WUDLWVOLNHQHXURWLFLVP


























0HWKRGV ,Q WKH SUHVHQW VWXG\ ZH HYDOXDWHG WKH FRUUHODWLRQ EHWZHHQ WKH
SHDN*+UHVSRQVHVDIWHUDYHU\SRWHQW VWLPXODWLRQ WHVW *+5+*+53
DQG6&/5VXEVFDOHVFRUHVLQVXEMHFWVPDOHIHPDOH PHDQ
















SUHGLFWRU S 3UHGLFWRU 3
VRPDWL]DWLRQ





3HDN*+  3HDN*+ 
$IWHU FRQWUROOLQJ IRU YDULDEOHV OLVWHG DERYH WZR 6&/  5 GLPHQVLRQV
VRPDWL]DWLRQDQGSDUDQRLGLGHDWLRQQHJDWLYHO\FRUUHODWHGZLWKWKHSHDN*+
UHVSRQVHV WR WKHSURYRFDWLYH WHVW S  DQGS  UHVSHFWLYHO\ZKLOH





DIWHU SURYRFDWLRQ 6XFK UHVXOWV \LHOGV WKDW*+ LV D SDUW RI QHXURFKHPLFDO
DEHUUDWLRQWKDWXVXUSVWKHQRUPDOSURFHVVRIVDOLHQFHDWWULEXWLRQDQGOHDGVWR
DEHUUDQWDVVLJQPHQWRIVDOLHQFHWRH[WHUQDOREMHFWVDQGLQWHUQDOUHSUHVHQWD
WLRQV7KXV*+ LV VXSSRVHG WR EH LQYROYHG LQPHGLDWLRQ RI FRQWH[WXDOO\









UHSHWLWLYH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQ /)U706 RQPHGLFDWLRQUH
VLVWDQWDXGLWRU\KDOOXFLQDWLRQVDQGWRHYDOXDWHWKHUHJLRQDOEUDLQPHWDEROLF
FKDQJHVDIWHUU706:HK\SRWKHVL]HGWKDWWKHFOLQLFDOHIIHFWZRXOGEHFRQ









LQYHVWLJDWHG E\ WKH XVH RI )'* 3(7 LQ WKH UHVWLQJ VWDWHZLWKLQ  GD\V
EHIRUH DQG DIWHU U706 7KH DQDO\VLV SDLUHG WWHVW ZDV SHUIRUPHG XVLQJ
630SOHYHOXQFRUUHFWHG
5HVXOWV:HIRXQGDVLJQL¿FDQWLPSURYHPHQWLQWKHWRWDODQGSRVLWLYHV\PS










+RIIPDQ 5( %RXWURV 11 +X 6 %HUPDQ 50 .U\VWDO -+ &KDUQH\ '6
 7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ DQG DXGLWRU\ KDOOXFLQDWLRQV LQ
VFKL]RSKUHQLD/DQFHW
+RIIPDQ5(+DZNLQV.$*XHRUJXLHYD5%RXWURV115DFKLG)&DUUROO
. 7UDQVFUDQLDOPDJQHWLF VWLPXODWLRQRI OHIW WHPSRURSDULHWDOFRUWH[
DQG PHGLFDWLRQUHVLVWDQW DXGLWRU\ KDOOXFLQDWLRQV $UFK *HQ 3V\FKLDWU\










LQJ DW\SLFDO DQWLSV\FKRWLFV$QWDJRQLVPRI +7$ DQG +7& UHFHSWRUV
LVFRPPRQWRPRVWDW\SLFDODQWLSV\FKRWLFV+7$DQWDJRQLVPLVWKRXJKW
WRFRQWULEXWH WR ORZHU LQFLGHQFHRIH[WUDS\UDPLGDOVLGHHIIHFWVRIDW\SLFDO
DQWLSV\FKRWLFVDVZHOODVWRWKHDPHOLRUDWLRQRIDQWLSV\FKRWLFSURSHUWLHVRI
WKHVHGUXJV7KHUROHRI+7&UHFHSWRUVLVOHVVFOHDUPDLQO\EHFDXVHWKHUH
ZHUH QR VHOHFWLYH OLJDQGV IRU WKLV UHFHSWRU VXEW\SH XQWLO UHFHQWO\ ,Q RXU
VWXG\ZHXVHGDQDQLPDOPRGHORIVFKL]RSKUHQLDOLNHEHKDYLRULQGXFHGE\




0HWKRGV:H XVHGPDOH:LVWDU UDWV EZ  ± J:H WHVWHG WKHP LQ
D QRYHOW\ HQYLURQPHQW LQ WKH RSHQ ¿HOG IRU PLQXWHV:H DVVHVVHG WKH
RYHUDOOORFRPRWRUDFWLYLW\GXULQJWKHSHULRGYLDDQHOHFWURQLFYLGHRWUDFNLQJ
V\VWHP ZLWK (WKR9LVLRQ &RORU3UR Y  VRIWZDUH 1ROGXV 3ULRU WR
WKH WHVWLQJZHSUHWUHDWHG WKH DQLPDOVZLWK0.0. ULWDQVHULQ

















6WHDQ78SWRQ1 %URPLGJH 6 )RUEHV ,7 %URZQ$00LGGOHPLVV'1
















2EMHFWLYHV ,QGLYLGXDOVZLWK VHYHUHPHQWDO LOOQHVV IUHTXHQWO\GLVSOD\ VLJ
QL¿FDQWO\KLJKHUUDWHVRIYLROHQFHWKDQWKHJHQHUDOSRSXODWLRQ,QSUHYLRXV





0HWKRGV 7KH VWXG\ SRSXODWLRQ ZDV  YLROHQW PDOH SDWLHQWV IURP WKH
FORVHGZDUGRIIRUHQVLFSV\FKLDWULFGHSDUWPHQWRIZKRPZHUHVFKL]R
SKUHQLDSDWLHQWV DJHDQGZHUHSDWLHQWVZLWKSHUVRQDOLW\





















0HOW]HU+<5RVV6WDQWRQ - 6FKOHVVLQJHU 6 0HDQ VHUXP FUHDWLQH
NLQDVHDFWLYLW\ LQSDWLHQWVZLWK IXQFWLRQDOSV\FKRVHV$UFKLYHVRI*HQHUDO
3V\FKLDWU\














2EMHFWLYHV$QLPDO VWXGLHV KDYH VKRZQ WKDW FKURQLF DQWLGHSUHVVDQW WUHDW
PHQW LQFUHDVHV DGXOW KLSSRFDPSDO QHXURJHQHVLV 0DOEHUJ HW DO 







0HWKRGV$GXOW PDOH UDWV ZHUH WUHDWHG ZLWK LPLSUDPLQH  PJNJGD\
SRRUÀXR[HWLQHPJNJGD\SRIRURUGD\V$IWHUSHUIXVLRQ














&RQFOXVLRQV 7KH UHVXOWV GHPRQVWUDWH DQ LQFUHDVHG FHOO SUROLIHUDWLRQ DQG
QHXURQDOPDWXUDWLRQLQWKHDGXOWUDWGHQWDWHJ\UXVDIWHUFKURQLFEXWQRWDFXWH


















,W KDV EHHQ VXJJHVWHG WKDWPRQRDPLQHUJLF V\VWHPV LQ WKH FHQWUDO QHUYRXV
V\VWHPDUHLQYROYHGLQWKHRFFXUUHQFHDQGUHJXODWLRQRIYDULRXVSV\FKLDWULF
V\PSWRPV7KHSUHVHQWVWXG\ZDVGHVLJQHG WR LQYHVWLJDWH WKH LQÀXHQFHRI





,8NJ 5DWV LQMHFWHG ZLWK VDOLQH DORQH ZHUH XVHG DV WKH FRQWURO JURXS
%UDLQVZHUHH[WUDFWHGKUVDIWHU WKHODVW LQMHFWLRQDQGZHUHGLYLGHGLQWR
WKH IURQWDO FRUWH[ VWULDWXP KLSSRFDPSXV DP\JGDOD WKDODPXV K\SRWKD
ODPXV FHUHEHOOXP DQG EUDLQ VWHP 1RUHSLQHSKULQH 1( PHWKH[\
K\GUR[\SKHQ\OJO\FRO 0+3* GRSDPLQH '$ GLK\GUR[\SKHQ\ODFHWLF
DFLG '23$& KRPRYDQLOOLF DFLG +9$ K\GUR[\WU\SWDPLQH +7
DQG K\GUR[\LQGROHDFHWLF DFLG +,$$ LQ KRPRJHQL]HG VDPSOHV ZHUH




JURXS DIWHU DFXWH DGPLQLVWUDWLRQ1( OHYHOVZHUH VLJQL¿FDQWO\ ORZHU WKDQ
WKRVHRIWKHFRQWUROJURXSLQWKHDP\JGDODDIWHUFKURQLFDGPLQLVWUDWLRQZLWK
DOOGRVHVRI,)1DOSKD+7OHYHOVZHUHVLJQL¿FDQWO\ORZHUWKDQWKRVHRI
WKH FRQWURO JURXS LQ WKH K\SRWKDODPXV DIWHU FKURQLF DGPLQLVWUDWLRQ ZLWK
îDQGî,8NJRI,)1DOSKD
&RQFOXVLRQV2XU UHVXOWV VXJJHVW GDLO\ SHULSKHUDO DGPLQLVWUDWLRQ RI ,)1
DOSKD WR DIIHFW WKH OHYHOV RIPRQRDPLQHV LQ WKH EUDLQ î ,8NJ RI
,)1DOSKDLVDUHODWLYHO\KLJKGRVH7KLVPD\EHZK\WKH1(DQG'$OHYHOV
ZHUH KLJKHU WKDQ WKRVH RI WKH FRQWURO DIWHU DFXWH DGPLQLVWUDWLRQ )XUWKHU
VWXGLHV DUH QHFHVVDU\ WR GHWHUPLQHZKHWKHU WKHVH HIIHFWV RI ,)1DOSKD RQ















QDO FRJQLWLYH VWDWHPD\KRZHYHU EH D UHOHYDQW SULRU IRU WKH HYDOXDWLRQRI
H[WHUQDO LQIRUPDWLRQ DQG VHOHFWLRQRIEHKDYLRXUDO UHVSRQVHV&RYHUW EUDLQ
VWDWHV FDQ EHPHDVXUHG DQG TXDQWL¿HG XVLQJ D WRSRJUDSKLF ((* DQDO\VLV











5HVXOWV &RPSDUHG WR QRUPDOV SDWLHQWV ZLWK VFKL]RSKUHQLD VKRZHG FRQ














2EMHFWLYHV$XGLWRU\ KDOOXFLQDWLRQV $+ DUH SHUFHSWLRQV LQ WKH DEVHQFH
RI DQ H[WHUQDO DXGLWRU\ VWLPXOXV 1HYHUWKHOHVV GXULQJ$+ DFWLYDWLRQ RI















WKHVH GLIIHUHQFHVZHUH ORFDWHG SUHGRPLQDQWO\ LQ WKH OHIW WHPSRUDO FRUWH[
2WKHUFRPSRQHQWVRIWKHHYRNHGSRWHQWLDOVZHUHQRWFKDQJHG
&RQFOXVLRQV2XU¿QGLQJV VXJJHVW WKDW GXULQJ$+ WKH DPSOLWXGHV RI WKH
$(3ZHUHUHGXFHGGXHWRDQLQWHUQDOSUHDFWLYDWLRQRIWKHDXGLWRU\FRUWH[
7KXV$+ FRPSHWHZLWK WKH H[WHUQDO VWLPXOL IRU UHVRXUFHV LQ WKH DXGLWRU\






















V\VWHPV&5+ LV NQRZQ WR SURGXFH YDULRXV VWUHVV DQ[LHW\ DQG DURXVDO
DVVRFLDWHGEHKDYLRUVLQDQLPDOV0RUHRYHU&5+FDXVHVDQLQFUHDVHLQWKH
¿ULQJUDWHDQGDQDFWLYLW\RIW\URVLQHK\GUR[\ODVH7+LQWKH/&DQG1(























ZH IRXQG D PLPLFNHG ELSKDVLF DOWHUDWLRQ RI 7+ LQ /& DIWHU VDPH &96
VHVVLRQV
&RQFOXVLRQV2XUUHVXOWVGHPRQVWUDWHWKDWFKURQLFYDULDEOHVWUHVVFDXVHVD












2EMHFWLYHV$QWDJRQLVWV DW WKHPHWDERWURSLF JOXWDPDWH  P*OX UHFHS
WRU SURGXFH UREXVW DQ[LRO\WLF HIIHFWV LQ D QXPEHU RI UDW WHVWV 6SRRUHQ





LQWUDFHUHEURYHQWULFXODU DGPLQLVWUDWLRQ %DOVFKXQ DQG:HW]HO  1DLH































%DOVFKXQ ':HW]HO :  ,QKLELWLRQ RI P*OX EORFNV KLSSRFDPSDO














2EMHFWLYHV 3UHSXOVH LQKLELWLRQ RI WKH VWDUWOH UHVSRQVH 33, PHDVXUHV
VHQVRULPRWRU JDWLQJ 'H¿FLWV LQ VHQVRULPRWRU JDWLQJ KDYH EHHQ REVHUYHG
LQSDWLHQWVZKRVXIIHUIURPVFKL]RSKUHQLD%UDIIHWDO ,QDQLPDOV
WKH QRQFRPSHWLWLYH DQWDJRQLVW RI 10'$ UHFHSWRUV 0. SURGXFHV
GLVUXSWLRQRI33,DQGRWKHUVFKL]RSKUHQLDOLNHEHKDYLRU*H\HUHWDO
5HFHQWO\LQFUHDVHGDWWHQWLRQLVGLUHFWHGWRZDUGWKHUROHRIWKHVHURWRQHUJLF
V\VWHP LQ VFKL]RSKUHQLD7KH DLP RI RXU VWXG\ZDV WR LQYHVWLJDWH WKH HI
IHFW RI GLIIHUHQW GRVHV RI D +7$ UHFHSWRU DJRQLVW 2+'3$7 DQG D








5HVXOWV $GPLQLVWUDWLRQ RI 2+'3$7 LQGXFHG GRVHGHSHQG GH¿FLWV LQ
33, ,QWHUHVWLQJO\ WKH ORZGRVHRI2+'3$7KDGD WUHQG WR UHVWRUH WKH
GH¿FLWV LQ33, WKDWZHUH LQGXFHGE\0.EXW WKHKLJKGRVHRI2+






+7$ UHFHSWRU DJRQLVW \LHOGV RSSRVLWH LQÀXHQFHV DW LWV ORZ DQG DW KLJK





%UDII '/ HW DO +XPDQ VWXGLHV RI SUHSXOVH LQKLELWLRQ RI VWDUWOH
QRUPDOVXEMHFWVSDWLHQWJURXSVDQGSKDUPDFRORJLFDOVWXGLHV3V\FKRSKDU
PDFRORJ\
*H\HU 0$ HW DO 3KDUPDFRORJLFDO VWXGLHV RI SUHSXOVH LQKLELWLRQ
PRGHOVRIVHQVRULPRWRUJDWLQJGH¿FLWVLQVFKL]RSKUHQLDDGHFDGHLQUHYLHZ
3V\FKRSKDUPDFRORJ\







2EMHFWLYHV 1HXUDO VWHP FHOOV H[LVW LQ GHYHORSLQJ PDPPDOLDQ EUDLQV DV

































GHFDGHV EXW WKH FHOOXODUPHFKDQLVP RI WKHLU DFWLRQV UHPDLQV WR EH HOXFL
GDWHG ,Q DGGLWLRQ WR WKHLU GRSDPLQHUJLFVHURWRQHUJLF IXQFWLRQ FOR]DSLQH
DQG RWKHU SUHVHQWO\ XVHG DW\SLFDO DQWLSV\FKRWLFV GLIIHU IURP FRQYHQWLRQDO
DQWLSV\FKRWLFVLQWKHZD\WKH\DIIHFWYDULRXVDVSHFWVRIJOXWDPDWHUJLFUHFHS
WRU IXQFWLRQ$ FHOOXODU FRUUHODWH RI WKLV HIIHFWPD\ EH WKHPRGXODWLRQ RI




















LQ YLWUR FXOWXUHV S ,QWHUHVWLQJO\ WKLV HIIHFW ZDV VLJQL¿FDQW IRU
GHQGULWHV SUR[LPDO WR WKH FHOO ERG\ DQG UHPDLQHG D WUHQG IRU VHFRQGDU\
RUGHUGHQGULWHV+DORSHULGRODW0FDXVHGD WUHQG WRZDUGVGHFUHDVH LQ
WKH6KDQNDSXQFWDQXPEHU,QFRQWUDVWZHGLGQRWREVHUYHDQ\FKDQJHVLQ
WKHOHYHOVRISUHV\QDSWLFSURWHLQV\QDSVLQE\HLWKHUGUXJ





+HUHVFR/HY\8 *OXWDPDWHUJLF QHXURWUDQVPLVVLRQPRGXODWLRQ DQG
WKHPHFKDQLVPVRI DQWLSV\FKRWLF DW\SLFDOLW\3URJ1HXURSV\FKRSKDUPDFRO
%LRO3V\FKLDWU\S
/DZ$- HW DO  5HGXFHG VSLQRSKLOLQ EXW QRWPLFURWXEXOHDVVRFLDWHG
SURWHLQ  H[SUHVVLRQ LQ WKH KLSSRFDPSDO IRUPDWLRQ LQ VFKL]RSKUHQLD DQG






















LQ D JUDGXDO LQFUHDVH LQ ORFRPRWRU DFWLYLW\ FRQ¿UPLQJ EHKDYLRXUDO VHQ
VLWL]DWLRQ $&7+ DV ZHOO DV FRUWLFRVWHURQH OHYHOV LQFUHDVHG VLJQL¿FDQWO\
LQ UHVSRQVH WRPRUSKLQH:KLOH$&7+ OHYHOV LQ UHVSRQVH WR WKH ODVW WK
PRUSKLQH LQMHFWLRQZHUH IRXQG WR EH ORZHU FRPSDUHG WR WKRVH LQ DFXWHO\
PRUSKLQH WUHDWHGPLFHQRVLJQL¿FDQWGLIIHUHQFHVEHWZHHQ WKHDFXWHO\DQG
UHSHDWHGO\WUHDWHGJURXSVZHUHREVHUYHGLQFDVHRIFRUWLFRVWHURQH
&RQFOXVLRQV :H FRQFOXGH WKDW ORFRPRWRU VHQVLWL]DWLRQ WR LQWHUPLWWHQW
PRUSKLQHDGPLQLVWUDWLRQLQPLFHLVDFFRPSDQLHGE\DGHFUHDVHUDWKHUWKDQ
DQLQFUHDVHLQ$&7+UHVSRQVH8QFKDQJHGOHYHOVRISODVPDFRUWLFRVWHURQH
GHPRQVWUDWH DQ DEVHQFHRI WROHUDQFH DQG VXJJHVW SRVVLEOH LQYROYHPHQWRI
$&7+XQUHODWHGPHFKDQLVPV2EWDLQHGGDWDDUHLQVXSSRUWWRWKHK\SRWKHVLV










,QWURGXFWLRQ:H KDYH VWXG\ D JURXS RI SDWLHQWVZLWK VHYHUDO SV\FKLDWU\
GLVRUGHUV KRVSLWDOL]HG IRU WKHLU GHSUHVVLYH V\PSWRPV DQG LQYHVWLJDWH WKH

















3HUVRQDO GDWD ZHUH UHFRUGHG ZLWK UHIHUHQFH WR SHUVRQDO GHWDLOV EDFN
JURXQGVXLFLGDODWWHPSWVKHUHGRIDPLOLDOEDFNJURXQGVXEVWDQFH












5HVXOWV 3UHOLPLQDU\ VWXGLHV RI WKH JURXS XQGHU REVHUYDWLRQ VKRZ D WHQ
GHQF\ DPRQJ SDWLHQWVZLWK GHSUHVVLYH V\PSWRP DQG LPSXOVLYLW\ WR FDUU\
WKHVKRUWYHUVLRQRIWKHVHURWRQLQWUDQVSRUWLQJJHQHLQSDWLHQWVZLWKVFKL]R
SKUHQLD  SHUVRQDOLW\ GLVRUGHU ELSRODU GLVRUGHU  VFKL]RDIIHFWLYH












 *UHHQEHUJ %' 7ROOLYHU 7- +XDQJ 6- /L 4 %HQJHO ' 0XUSK\ '/
*HQHWLFYDULDWLRQLQWKHVHURWRQLQWUDQVSRUWHUSURPRWHUUHJLRQDIIHFWV
VHURWRQLQXSWDNHLQKXPDQEORRGSODWHOHWV$P-0HG*HQHW





















DVVRFLDWLRQ RI WKH VKRUW DOOHOH RI WKH VHURWRQLQ WUDQVSRUWHU SURPRWHU JHQH
SRO\PRUSKLVPZLWKYLROHQWVXLFLGH0RO3V\FKLDWU\
&KRQJ6$/HH:/7DQ&+7D\$+1&KDQ$207DQ(& 








































2EMHFWLYHV$WWHQWLRQGH¿FLW K\SHUDFWLYLW\ GLVRUGHU $'+' LV D ODUJHO\
KHULWDEOH DQG FRPPRQ FRQGLWLRQ WKDW RIWHQ SHUVLVWV LQWR DGROHVFHQFH DQG
DGXOWKRRG 3DWLHQWV W\SLFDOO\ H[SHULHQFH LPSDLUPHQWV LQ DFDGHPLF VRFLDO
DQGRFFXSDWLRQDOIXQFWLRQLQJRZLQJWRLPSXOVLYLW\DQGDUHGXFHGDWWHQWLRQ
VSDQ2QWKHJURXQGVRIDOLNHO\LQYROYHPHQWRIGRSDPLQHUJLFQHXURWUDQV
PLVVLRQ LQ WKH HWLRORJ\ RI$'+' YDULDWLRQ DW WKH GRSDPLQH' UHFHSWRU
'5'JHQHKDVEHFRPHDPDMRUIRFXVRIUHVHDUFK



















2EMHFWLYHV 7KH VWDWH RI DQWLR[LGDQW V\VWHP FRQWULEXWHV WR SDWKRJHQHWLF
PHFKDQLVPVRIPHQWDOGLVRUGHUV$YHU\LPSRUWDQWFRPSRQHQWRIWKHDQWL
R[LGDWLYH GHIHQVLYH V\VWHP RI EORRG SODVPD DUH KLJKO\ UHDFWLYH WKLRO RI
F\VWHLQUHVLGXHRIVHUXPDOEXPLQ,QSUHVHQWZRUNZHVWXGLHGWKHLQWHU
UHODWLRQEHWZHHQF\VWKLROUHDFWLYLW\DQGFRQIRUPDWLRQDOFKDQJHVRI6$





SOHVRI DOEXPLQ IUDFWLRQRISDWLHQWV¶ DQGYROXQWHHUV¶ VHUXPZHUHREWDLQHG




ZLWK '71% LQ DEVHQFH RI WKH GHWHUJHQW /HYHO RI 6$ ERXQG 1()$ ZDV
PHDVXUHGZLWKHQ]\PDWLFDVVD\5DQGR[
5HVXOWV,QSUHVHQWH[SHULPHQWVWKHQRUPRIWKLROFRQFHQWUDWLRQLQDOEXPLQ
IUDFWLRQ ZDV    FRQFHQWUDWLRQ RI 6+ RI 6$ F\V  6$
FRQFHQWUDWLRQ
7KH VLJQL¿FDQW GHFUHDVH RI FRQFHQWUDWLRQ RI UHGXFHG6$ WKLROV LQ VFKL]R
SKUHQLFSDWLHQWVDVZHOODVLQDOFRKROLFV±RI6+6$ZDVUHYHDOHG
7KHDFFHVVLELOLW\RI6$WKLROVLQQRUPZDVPLQ,WVLJQL¿FDQWO\
GHFUHDVHG  PLQ S LQ VFKL]RSKUHQLF SDWLHQWV 6$ DQG
LW WHQGHG WR LQFUHDVH  S LQ DOFRKROLFV 7KH VLJQL¿FDQW
FRUUHODWLRQ 5 EHWZHHQDFFHVVLELOLW\RI6$6+JURXSVDQG1()$WR













2EMHFWLYHV '6HULQH KDV QRZ EHHQ FRQVLGHUHG WR EH DQ HQGRJHQRXV FR
DJRQLVW RI WKH10'$ UHFHSWRU LQ WKHPDPPDOLDQ EUDLQ 6HYHUDO OLQHV RI
HYLGHQFH LQGLFDWH WKDW LPSDLUHG JOXWDPDWH WUDQVPLVVLRQ YLD WKH 10'$
UHFHSWRUPD\EHLQYROYHGLQWKHSDWKRSK\VLRORJ\RIDQGEHDWDUJHWIRUWKH
GHYHORSPHQW RI D QRYHO SKDUPDFRWKHUDS\ IRU QHXURSV\FKLDWULF GLVRUGHUV
LQFOXGLQJ VFKL]RSKUHQLD DQG VSLQRFHUHEHOODU DWD[LD 7KHUHIRUH WR REWDLQ
LQVLJKW LQWR WKH SRVVLEOH UHODWLRQVKLS EHWZHHQ EUDLQ 'VHULQH V\VWHP DQG
QHXURSV\FKLDWULFGLVRUGHUVZHKDYHH[SORUHGWKHFDQGLGDWHPROHFXOHVWKDW
UHJXODWH'VHULQHPHWDEROLVPRUIXQFWLRQV




5HVXOWV :H KDYH LVRODWHG D QRYHO DQG 'VHULQH EXW /VHULQH LQGXF































VXHS+ DJH JHQGHU DQGSRVWPRUWHP LQWHUYDO51$TXDOLW\ DQG LQWHJULW\
ZDVDVVHVVHGE\HYDOXDWLRQRIWKH6DQG6ULERVRPDOXQLWV7KHTXDQWLW\
ZDVPHDVXUHGE\GHWHUPLQDWLRQRIDEVRUEDQFHDWQPDQGD5LER*UHHQ














F\WHV 2/ LQ VFKL]RSKUHQLD 6=7KHVH GDWD LQFOXGHG UHGXFHG IUDFWLRQDO
DQLVRWURS\ LQ WKHZKLWHPDWWHU REVHUYHG E\ EUDLQ LPDJLQJ DEQRUPDOLWLHV

















OHQJWKZDV HVWLPDWHG LQ WKH3)& DUHD OD\HU9  SRVWPRUWHPEUDLQV
IURPSDWLHQWVZLWK6=DQGQRUPDOFRQWUROVXEMHFWVPDWFKHGE\DJHJHQGHU
DQGSRVWPRUWHPGHOD\KRXUVZHUHXVHG
















9RVWULNRY90 HW DO  /RZHUHG ROLJRGHQGURJOLDO FHOO GHQVLW\ LQ WKH
























5HVXOWV$YHUDJH DJH   30''DQG FRQWUROV GR QRW GLIIHU LQ
VRFLDODQGHGXFDWLRQDOOHYHORI30''ZRPHQKDYHFKLOGUHQ




















'-:DOWKHU0%DGHU $Q XQLTXH WU\SWRSKDQ K\GUR[\ODVH LVRIRUP
%LRFKHP3KDUPDFRO
















2EMHFWLYHV JDODQWDPLQ LV FRJQLWLYH HQKDQFLQJ GUXJ XVHG IRU WUHDWPHQW
RI GHPHQWLDV LQFOXGLQJ $O]KHLPHU¶V GLVHDVH ,WV SULPDU\ PHFKDQLVP RI




+HOL[9ROWDJHJDWHG SRWDVVLXP FXUUHQWVZHUHPHDVXUHG XVLQJ WZRPLFUR




































IRU WZR GHFDGHV$ VLQJOH DPLQR DFLG VXEVWLWXWLRQ YDOLQH WR PHWKLRQLQH
YDOPHW LQH[RQ ,9DFFRXQWV IRUGLIIHUHQFHV LQ WKHUPRODELOLW\YDOYDO




























 /DFKPDQ +0 3DSRORV ') 6DLWR 7 <X <0 6]XPODQVNL &/ :HLQ
VKLOERXP 50 +XPDQ FDWHFKRO20HWKO\OWUDQVIHUDVH SKDUPDFRJHQHWLFV










PHDVXUHRI VHQVRULPRWRUJDWLQJ 6ZHUGORZHW DO  DQG LV UHGXFHG LQ










PRGHO WKH VHQVRULPRWRU JDWLQJ GH¿FLWV VHHQ LQ VFKL]RSKUHQLD7KH DLPRI
WKLV VWXG\ZDV WR LQYHVWLJDWH WKH HIIHFW RI 51$]DELF\FOR>@RFW
\OS\ULG\OWKLRSKHQHFDUER[DPLGH &RPSRXQG $ D SRWHQW Į
QLFRWLQLF UHFHSWRU DJRQLVW 'H )LOLSSL HW DO  XSRQ LVRODWLRQUHDULQJ
LQGXFHG33,GH¿FLWVLQUDWV
0HWKRGV$WZHDQLQJPDOH/LVWHU+RRGHGSXSVZHUH VLQJO\ LVRODWHVRU




SUHSXOVH G%PVSXOVHDW LQWHUVWLPXOXV LQWHUYDOV ,6,RI
PVZDVPHDVXUHG
5HVXOWV 7KH GH¿FLW LQ 33, GHPRQVWUDWHG E\ WKH LVRODWHV ZDV DWWHQX
DWHGE\ERWKGRVHVRI&RPSRXQG$DWPV,6,YHK ,3 
,3  S DQG DW PV ,6, E\ PJNJ RI &RPSRXQG $
















2EMHFWLYHV7KLV VWXG\ZDV XQGHUWDNHQ WR IXUWKHU FKDUDFWHUL]H SUHYLRXVO\
GHVFULEHGDJRQLVPRIQRUHSLQHSKULQHDQGHSLQHSKULQHDWKXPDQGRSDPLQH
'UHFHSWRUYDULDQWV
0HWKRGV:H LQYHVWLJDWHG >6@*73Ȗ6 ELQGLQJ DW WKH KXPDQ GRSDPLQH
'UHFHSWRUK'YDULDQWVK'K'DQGK'H[SUHVVHGLQ&+2.
FHOOVIROORZLQJVWLPXODWLRQE\GRSDPLQHQRUHSLQHSKULQHDQGHSLQHSKULQH
([SHULPHQWV ZHUH GRQH DW FRQGLWLRQV RI  DQG P0 VRGLXP UHVSHF
WLYHO\ WR SURGXFH FRQGLWLRQVZLWK GLIIHUHQW SURSRUWLRQV RI WKH UHFHSWRU LQ
KLJKDQGORZDI¿QLW\VWDWHV
5HVXOWV&RPSDUHGWRGRSDPLQHQRUHSLQHSKULQHGLVSOD\HGDERXWIROG
ORZHU SRWHQF\ (& DQG HSLQHSKULQH GLVSOD\HG RQO\ DERXW IROG ORZHU
SRWHQF\ DW DOO UHFHSWRU YDULDQWV DQG DW ERWK VRGLXPFRQFHQWUDWLRQV1RUH




















HPRWLRQDO VWUHVV LQ HYHQDJHG PDOH:LVWDU UDWV ZLWK GLIIHUHQW SURJQRVWLF
VWUHVV UHVLVWDQFH LQ DXWXPQZLQWHU VHDVRQ 3URJQRVWLF VWUHVV UHVLVWDQFH RI
UDWVZDV WHVWHG LQ WKHRSHQ¿HOG7ZRJURXSVRI DQLPDOVZHUH VHOHFWHG D
JURXSRIEHKDYLRXUDOO\KLJKDFWLYHSURJQRVWLFKLJKVWUHVVUHVLVWDQWQ 
UDWVDQGDJURXSRI ORZDFWLYHDQLPDOV SURJQRVWLF ORZUHVLVWDQWQ 
(DFK JURXSZDV GLYLGHG LQ WZR VXEJURXSV DQ H[SHULPHQWDO VXEJURXS LQ
ZKLFK WKH DQLPDOVZHUH VXEMHFWHG WR WKH DFXWH HPRWLRQDO VWUHVV LPPREL
OL]DWLRQZLWK VWRFKDVWLF HOHFWURGHUPDO VWLPXODWLRQ DQG D FRQWURO RQH7R




5HVXOWV 8VLQJ VSHFWURVFRSLF DQG HOHFWURSKRUHWLF PHWKRGV LW ZDV VKRZQ
WKDW ÀXRUHVFHQFH RI&$3,'$1 IURP VHUXP LVPRUH WKDQ GXH WR6$
ERXQGSUREHDQGWKDWLWVÀXRUHVFHQFHLVKLJKO\VHQVLWLYHWRWKHVWDWHRI6$
VLWHV ELQGLQJ RUJDQLFPROHFXOHV 8VLQJ &$3,'$1 LW ZDV VKRZQ WKDW WKH
DQLPDOVZLWKGLIIHUHQWDFWLYLW\LQWKHRSHQ¿HOGYDU\LQWKHSURSHUWLHVRI6$
+LJKDFWLYH UDWV KDG VLJQL¿FDQWO\ ORZHU SUREH ÀXRUHVFHQFH LQWHQVLW\ DQG






















QHFURVLV IDFWRUĮ 71)Į LQWHUOHXNLQȕ QLWULF R[LGH RU UHDFWLYH R[\JHQ







0HWKRGV :H HPSOR\HG WKUHH ELRFKHPLFDOO\ FKDUDFWHULVWLF $ȕ SHSWLGHV
VXFKDV$ȕ$ȕ01OHZKLFK LVDVXEVWLWXWLRQRIPHWKLRQLQH
UHVLGXH ZLWK VWUXFWXUDOO\ VLPLODU QRUOHXFLQH DQG$ȕ UHYHUVH:H
¿UVWDQDO\]HGWKHVWUXFWXUHDQGDJJUHJDWLRQDOVWDWHRI$ȕSHSWLGHVE\HOHF
WURQPLFURVFRS\ WKLRÀDYLQH7 ÀXRURPHWULF DVVD\ DQG FLUFXODU GLFKURLVP
VSHFWURVFRS\:HQH[WPHDVXUHG WKHPLFURJOLDOSURGXFWLRQRI71)ĮDV D





5HVXOWV2XU UHVXOWVKDYH VKRZQ WKDW LQ WKHSUHVHQFHRI LQWHUIHURQȖ WKH




















HW DO  7KH DPSKHWDPLQH VHQVLWL]DWLRQPRGHO SUHVHQWV WKH SKHQRP
HQRQRIDQ LQFUHDVHGEHKDYLRXUDO UHVSRQVLYLW\ K\SHUDFWLYLW\ WRDQDFXWH





0HWKRGV 0DOH PLFH 105,  J 7DFRQLF '. DUULYHG DW WKH DQLPDO
IDFLOLW\GD\VSULRUWRWKHH[SHULPHQWDQGZHUHKRXVHGPLFHSUFDJHLQ
FOLPDWHFRQWUROOHGDQLPDOIDFLOLWLHVXQGHUQRUPDOOLJKWGDUNF\FOHOLJKWVRQ













VXFK DV OLWKLXP ODPRWULJLQH FDUEDPD]HSLQH KDORSHULGRO DQG RODQ]DSLQH
VLJQL¿FDQWO\ DQG GRVHGHSHQGHQWO\ SUHYHQW WKH VHQVLWL]HG UHVSRQVH WR DQ
DFXWHDPSKHWDPLQHFKDOOHQJH













2EMHFWLYHV 7KH GH¿QLWH FDXVHV RI REVHVVLYHFRPSXOVLYH GLVRUGHU 2&'




SDWKRSK\VLRORJLFDO UROH LQ2&'5HFHQWO\ LW KDV DOVR EHHQ SURSRVHG WKDW
QHXURWUDQVPLWWHUV RWKHU WKDQ VHURWRQLQ SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\
RI2&'DQGD VHULHVRI VWXGLHVKDYHSURYLGHGHYLGHQFH WKDWGRSDPLQH LV
LQYROYHGLQVRPH2&'SDWLHQWV7KHUHIRUH WKHDLPVRI WKLVVWXG\ZHUHWR






FODVVL¿HG LQWR VKRUW 6JHQRW\SHFRQWDLQLQJ UHSHDWDQG ORQJJHQRW\SH
/ JHQRW\SH 8VLQJ SULQFLSDO FRPSRQHQW DQDO\VLV ZH GHULYHG  IDFWRUV
IURPPDLQFRQWHQWVRI<%2&6FKHFNOLVWDQGLQYHVWLJDWHGWKHDVVRFLDWLRQ
EHWZHHQWKHVHWKUHHIDFWRUVDQG'5'DQG'$7SRO\PRUSKLVP
5HVXOWV ,Q WKLV FDVHFRQWURO VWXG\ ZH FRXOG ¿QG WKDW WKH IUHTXHQFLHV /
JHQRW\SHRI'5'ZHUH VLJQL¿FDQWO\KLJKHU LQ2&' WKDQQRUPDOFRQWURO
JURXS LQ2&'JURXS6JHQRW\SH/JHQRW\SHDQG





&RQFOXVLRQV / JHQRW\SH RI '5' SRO\PRUSKLVP PLJKW KDYH QHJDWLYH

















VWUHVVRUYDULDEOH LQWHUPLWWHQWXQSUHGLFWDEOHVWUHVVIRUGD\VDQG WKHQ LQ
VLWXK\EULGL]DWLRQKLVWRFKHPLVWU\ZDVXVHG WRTXDQWLI\&5)H[SUHVVLRQ LQ
WKHEUDLQ
5HVXOWV  &5)5 P51$ H[SUHVVLRQV ZHUH GHFUHDVHG LQ EHG QXFOHXV
RI WKH VWULD WHUPLQDOLV %167 IROORZLQJ VWUHVVRUV  &5)5 P51$
H[SUHVVLRQVZHUH LQFUHDVHG LQ ODWHUDO VHSWXP IROORZLQJ VWUHVVRUV &5)




H[SUHVVLRQ LQ%167PD\ UHSUHVHQW D FRPSHQVDWRU\ DGDSWDWLRQ WR FKURQLF
VWUHVVDQGPD\EHLQYROYHGLQWKHDQ[LHW\UHVSRQVHZKHUHDVXSUHJXODWLRQ















SLJV XVLQJ LQ YLYRPLFURGLDO\VLV LQ FRPSDULVRQ WR UHIHUHQFH GUXJV DV WKH
+7 UHOHDVHU GIHQÀXUDPLQH DQG WKH +7$ DJRQLVW 2+'3$7 7KH
WLVVXH FRQWHQW RI +7 DQG +7 WXUQRYHU +,$$+7 UDWLRZDV DOVR
GHWHUPLQHGLQEUDLQUHJLRQVH[YLYR









*5 DQG WKH FRPELQDWLRQ WKHUHRI GHFUHDVHG FRUWLFDO +7 
DQG LQFUHDVHG+7WXUQRYHU LQ WKHFRUWH[DVZHOODV LQ WKH UDSKH
QXFOHL :$< GHFUHDVHG KLSSRFDPSDO +7  ZKLOH
ERWK GUXJV DQG WKHLU FRPELQDWLRQ LQFUHDVHG KLSSRFDPSDO +7 WXUQRYHU
FRPSDUHGWRFRQWUROV&RPELQHGWUHDWPHQWKDGQRVXSHULRURUDG
GLWLYHHIIHFWV
&RQFOXVLRQV 7KH UHJLRQVSHFL¿F GHFUHDVH LQ +7 DQG WKH FRQFRPLWDQW












WKDW DOWHU VHURWRQLQ +7 IXQFWLRQ DUH WKH IURQWOLQH WUHDWPHQW RI DQ[LHW\
GLVRUGHUV6HYHUDOVWXGLHVKDYHVKRZQWKDWH[SRVXUHRIUDWVWRDQLPDOWHVWV
IRUDQ[LHW\LQFUHDVHVH[WUDFHOOXODU+7LQWKHFRUWH[RUWKHKLSSRFDPSXV





































E\ 'VHULQH KDV EHHQ UHSRUWHG WR LPSURYH WKHVH V\PSWRPV HQGRJHQRXV







5HVXOWV:H KDYH LVRODWHG D F'1$ FORQH GHVLJQDWHG DV GVP 'VHULQH
PRGXODWRUHQFRGLQJDSURWHLQWKDWUHGXFHVWKHDFFXPXODWLRQRI'VHULQH
WRWKHRRF\WH7KHGHGXFHGSURWHLQ'VPZDVLQGLFDWHGWRFRQVLVWRI
DPLQR DFLGV DQG WKH K\GURSDWK\ DQDO\VLV SUHGLFWV WKH  WUDQVPHPEUDQH
GRPDLQVZLWKDORQJK\GURSKRELFVWUHWFKLQWKH&WHUPLQDOOLNHVRPHDPLQR
DFLGWUDQVSRUWHUV7KHGVPP51$LVSUHGRPLQDQWO\H[SUHVVHGLQWKHEUDLQ
DQG OLYHU7KH WUDQVLHQW H[SUHVVLRQRIGVP LQ&26FHOOVGHPRQVWUDWHV
D *ROJL DSSDUDWXVUHODWHG SXQFWXDWH GLVWULEXWLRQ WKURXJKRXW WKH FHOO ZLWK
D FRQFHQWUDWLRQ QHDU WKH QXFOHXV GVPH[SUHVVLQJ ;HQRSXV RRF\WHV GL















2EMHFWLYHV 7KH SUHVHQW VWXG\ DLPV DW WUDFLQJ FKDQJHV LQ EUDLQ DFWLYLW\
UHODWHGWRSURJUHVVLQVHFRQGODQJXDJHOHDUQLQJ
0HWKRGV%UDLQ HOHFWULFDO DFWLYLW\ HYRNHGE\YLVXDOO\SUHVHQWHG ODQJXDJH
VWLPXOLZDVPHDVXUHGEHIRUHDQGDIWHUPRQWKVRILQWHQVHODQJXDJHOHDUQ
LQJLQH[FKDQJHVWXGHQWVLQ6ZLW]HUODQG6WLPXOXVPDWHULDOFRQVLVWHGRI
QRXQV LQ WKH SDUWLFLSDQW¶V QDWLYH ODQJXDJH (QJOLVK / KHUKLV VHFRQG
ODQJXDJH*HUPDQ/DQGDQXQNQRZQODQJXDJH5XPDQWVFK$WRWDORI














ODQJXDJH WHVW ZDV REVHUYHG ,Q WKLV WLPHIUDPH (QJOLVK ZRUGV HOLFLWHG
































7KHVH &DVLJQDOOLQJ FRPSRQHQWV DUH LQWHJUDWHG LQWR PDFURPROHFXODU
FRPSOH[HV ZKLFK DOORZ WKH ORFDOL]DWLRQ RI WKH &DVLJQDOV 6XFK FRP
SOH[HVLQWHUDFWWRFUHDWHODUJHUPRUHGLYHUVH&DVLJQDOVWKDWVSUHDGZLWK
RVFLOODWRU\ SURSHUWLHV &HOOV DUH VHQVLWLYH WR WKH IUHTXHQF\ RI WKHVH RVFLO
ODWLRQV ZKLFK FDQ WKXV UHJXODWH VSHFL¿F UHVSRQVHV LQFOXGLQJ GLIIHUHQWLDO






PRGHO LV HVVHQWLDOO\ D SKDUPDFRORJLFDO K\SRWKHVLV GHULYHG IURP REVHUYD
WLRQVVKRZLQJWKDWPRRGVWDELOL]HUVVXFKDVOLWKLXPDQGYDOSURDWHLQWHUIHUH
ZLWK WKH PHWDEROLVP RI LQRVLWROWULVSKRVSKDWH DW WKH OHYHO RI LWV
PHWDEROLWH LQRVLWROPRQRSKRVSKDWH SUHYHQWLQJ LWV GHSKRVSKRU\ODWLRQ LQWR
LQRVLWRO $FFRUGLQJ WR WKH LQRVLWRO GHSOHWLRQ K\SRWKHVLV E\ GHFUHDVLQJ




























LPPXQL]DWLRQZDVGRQHDQGDZHHNDIWHU WKH VHFRQGRQHRI WKH WKLUG LP
PXQL]DWLRQWRRNSODFHZLWKWKHFRQMXJDWHLWUDPXVFXODUO\ZLWKRXWDGMXYDQW
&RQWUROVPLFHZHUHLQMHFWHGZLWKSURWHLQFDUULHU%6$DQGVDOLQHUHVSHF








 LH QRW KLJKHU WKDQ WKH EDFNJURXQG OHYHO EHIRUH LPPXQL]DWLRQ$FWLYH
LPPXQL]DWLRQ ZLWK *$%$%6$ FRQMXJDWHG DQWLJHQ VLJQL¿FDQWO\ UHGXFHG
DOFRKRO LQWDNH LQPLFH&%OZLWK DOFRKRO GHSHQGHQFH GXULQJ DPRQWK
DIWHULPPXQL]DWLRQ
&RQFOXVLRQV3UHVHQW UHVXOWV LQGLFDWH WKDWDFWLYH LPPXQL]DWLRQRI*$%$
%6$FRQMXJDWHGHFUHDVHVDOFRKROFRQVXPSWLRQ LQDOFRKROSUHIIHULQJPLFH















2EMHFWLYHV :H VWXGLHG HQGRJHQRXV DP\ORLG SUHFXUVRU SURWHLQ $33










0HWKRGV 8VLQJ FXOWXUHV RI SULPDU\ FKLFNHQ WHOHQFHSKDOLF QHXURQV ZH
VWXGLHG HQGRJHQRXV ȕDP\ORLG SUHFXUVRU SURWHLQ $33 SURFHVVLQJ $ȕ
SHSWLGH IRUPDWLRQ DQG LWV SKDUPDFRORJLFDO PRGXODWLRQ XVLQJ WKH 16$,'
VXOLQGDF VXO¿GH DQG WKH IDFWRU ;D LQKLELWRU =. E\ TXDQWLWDWLYH
$ȕ6'63$*( LPPXQREORW DQG E\ VXUIDFH HQKDQFHG ODVHU GHVRUSWLRQ
LRQL]DWLRQWLPHRIÀLJKWPDVVVSHFWURPHWU\6(/',72)06
5HVXOWV$ȕSHSWLGHV$ȕDQG WKUHHDGGLWLRQDO&WUXQFDWHG VSHFLHV
QDPHO\ $ȕ ZHUH UHJXODUO\ UHOHDVHG LQWR WKH FXOWXUH PHGLXP
VWURQJO\UHVHPEOLQJWKHKLJKO\FRQVHUYHG$ȕTXLQWHWSDWWHUQIRXQGLQKXPDQ










&RQFOXVLRQV 7KHVH UHVXOWV GHPRQVWUDWH IRU WKH ¿UVW WLPH WKDW VXOLQGDF























WLRQ ODQGPDUNV ZH GHWHFWHG DW OHDVW IRXU VSRWV WKDW GLIIHUHG LQ LQWHQVLW\
EHWZHHQ WKH WZLQV7ZRRI WKH IRXU WDUJHW VSRWVZHUHVXFFHVVIXOO\FORQHG
2QHZDVLGHQWLFDOZLWKSDUWRI%$&FORQH53*ORFDWHGLQS










7VXMLWD 7 .D\DVKLPD 7 1LLNDZD 1 1DNDQH < DQG 2ND]DNL < 
$UH0RQR]\JRWLF 7ZLQV 'LVFRUGDQW IRU 3V\FKRVLV FDXVHG E\ 'LIIHUHQWLDO
0HWK\ODWLRQ",Q0L\RVKL.6KDSLUR&0*DYLULD0DQG0RULWD<HGV
&RQWHPSRUDU\1HXURSV\FKLDWU\6SULQJHU9HUODJ7RN\RSS
7VXMLWD 7 1LLNDZD 1 <DPDVKLWD + ,PDPXUD$ +DPDGD$ 1DNDQH<









2EMHFWLYHV 7R DVVHVV UHODWLRQVKLS EHWZHHQ V\PSWRPV RI GHSUHVVLRQ DQG
DQ[LHW\GXULQJSUHJQDQF\DQGKLVWRULFDOFKDUDFWHULVWLFV
0HWKRGV  SUHJQDQW ZRPHQ DWWHQGLQJ DQWHQDWDO FOLQLF DW WKH .DXQDV
8QLYHUVLW\ RI 0HGLFLQH ZHUH DVVHVVHG IRU GHSUHVVLRQ DQG DQ[LHW\ XVLQJ







5HVXOWV :RPHQ IRU ZKRP SUHJQDQF\ ZDV XQSODQQHG RU XQZDQWHG LQ
FRPSDULVRQWRZRPHQZLWKSODQHGDQGZDQWHGSUHJQDQF\PRUHIUHTXHQWO\




KLVWRU\ RI GHSUHVVLRQPRUH IUHTXHQWO\ H[SHULHQFHG KLJK OHYHOV RI DQ[LHW\





&RQFOXVLRQV8QSODQQHG RU XQZDQWHG SUHJQDQF\ LV D ULVN IDFWRU IRU KLJK


















2EMHFWLYHV ,Q WKLV VWXG\ZH FRPSDUH WKH SV\FKRORJLFDO IDFWRUV EHWZHHQ




FRQWUROVZKR DUH FRQVHFXWLYHO\ UHFUXLWHG$OO SDWLHQWV DQG FRQWUROV FRP




























5HVXOWV$V H[SHFWHG WKH FRUUHODWLRQ EHWZHHQ8+'56&$* UHSHDWV DQG
9RQVDWWHOJUDGHRIQHXURGHJHQHUDWLRQZDVKLJKO\VLJQL¿FDQWKRZHYHULWGLG
QRWFRUUHODWHZLWKSV\FKLDWULFV\PSWRPV
















SURYLGH D XVHIXO PRGHO RI FHUHEHOODU SDWKRORJ\ LQ VWXG\LQJ RI QRQPRWRU
IXQFWLRQDO GH¿FLWV 7KH DLP RI WKH SUHVHQW SLORW VWXG\ ZDV WR H[DPLQH
KRZ FHUHEHOODU SDWKRORJ\ FDQ LPSDFW QRQPRWRU FHUHEHOODU IXQFWLRQV:H
H[DPLQHG6&$SDWLHQWVDJHV±\HDUVE\SV\FKLDWULFQHXURSV\
FKRORJLFDOIXQFWLRQDOQHXURLPDJLQJDQGHOHFWURSK\VLRORJLFDOH[DPLQDWLRQV
,Q  SDWLHQWV ZLWK 6&$ ZH HVWDEOLVKHG SV\FKLDWULF GLDJQRVLV 0RVWO\ ZH
GLDJQRVHG PLOG FRJQLWLYH LPSDLUPHQW RUJDQLF DIIHFWLYH GLVRUGHU DQG
RUJDQLF SHUVRQDOLW\ GLVRUGHU ,Q QHXURSV\FKRORJLFDO DVVHVVPHQW ZH IRXQG
LPSDLUPHQWRIH[HFXWLYHIXQFWLRQVVXFKDVVHWVKLIWLQJSODQQLQJDQGYHUEDO
ÀXHQF\ GLI¿FXOWLHV ZLWK YLVXRPRWRU FRRUGLQDWLRQ GH¿FLW LQ DOO W\SHV RI
DWWHQWLRQ5HJLRQDO FHUHEUDO ÀRZ U&%)ZDVPHDVXUHG LQ DOO SDWLHQWV E\
VLQJOH SKRWRQ HPLVVLRQ FRPSXWHG WRPRJUDSK\7KLV H[DPLQDWLRQ GHWHFWHG
GHFUHDVHGU&%)LQWKHFHUHEHOOXPLQSDWLHQWVDQGLQWHUHVWLQJO\LQRIWKHP
DOVRGHFUHDVHGU&%)LQWKHOHIWIURQWDOFRUWH[
)RU WKH HOHFWURSK\VLRORJLFDO HYDOXDWLRQ RI WKH YLVXDO V\VWHP IXQFWLRQ LQ











LQIRUPDWLRQ SURFHVVLQJ DQG EHKDYLRU )XUWKHU FRQWLQXDWLRQ RI RXU SURMHFW













 7*)ȕ KDV EHHQ VKRZQ WR EH SUHVHQW LQ WKH FHQWUDO QHUYRXV V\VWHP
3UXGµKRPPHDQG3LFFLULOORDQGWRUHJXODWHWKHEDODQFHRI7KDQG
7KF\WRNLQHV6FKPLWWHWDO7KHUHIRUHWRXQGHUVWDQGWKHUROHRIDOO
7K7KDQG7KF\WRNLQHV LQWHUDFWLRQ LQSV\FKRLPPXQRORJ\ LQ WKHVH




PDQLF SDWLHQWV  VFKH]RSKUHQLF SDWLHQWV DQG  QRUPDO FRQWUROV ZHUH
UHFUXLWHG 7KRVH GHSUHVVHG SDWLHQWV ZHUH GUXJ QDwYH RU GUXJ IUHH IRU 
PRQWKVDQGZLWKVHYHUHV\PSWRPVDWWKHWLPHRIDGPLVVLRQ7KHHDUO\PRUQ
LQJSODVPD VDPSOHVZHUH FROOHFWHG DW WKH WLPHRI DGPLVVLRQ DQGZHHNV
DIWHU DSSURSULDWH WUHDWPHQW ZLWK DQWLGHSUHVVDQWV RU PRRG VWDELOL]HUV RU
DQWLSV\FKRWLFV7KHSODVPDFRQFHQWUDWLRQVRI,)1Ȗ,/DQG7*)ȕZHUH
DQDO\VHGXVLQJ5	'6\VWHPV'XR6HW(/,6$GHYHORSPHQWUHDJHQWV
5HVXOWV 7KH ,)1Ȗ ,/ UDWLRV ZHUH VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVHG
SDWLHQWV ELSRODU SDWLHQWV DQG VFKL]RSKUHQLF SDWLHQWV WKDQ LQ FRQWUROV




GHSUHVVHG SDWLHQWV S DQG ELSRODU SDWLHQWV S  EXW GHFUHDVHG
VLJQL¿FDQWO\SLQVFKL]RSKUHQLFV7KH,)1Ȗ,/UDWLRGHFUHDVHG
VLJQL¿FDQWO\ S LQ ERWK GHSUHVVHG DQG VFKL]RSKUHQLF SDWLHQWV FRP
SDUHG WR WKRVH DW WKH WLPH RI DGPLVVLRQZKHUHDV QR FKDQJHV REVHUYHG LQ
ELSRODUPDQLFSDWLHQWV
&RQFOXVLRQV$FFRUGLQJ WR RXU ¿QGLQJV WKH7K F\WRNLQH7*)ȕPD\
SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\ RIPDMRU SV\FKLDWULF GLVRUGHUV DQG LWV















LQJ JURZWK IDFWRUEHWD 7*)EHWD LQ DXWRLPPXQH GLVHDVHV -$XWRLP
PXQ












H[SHUWVGLIIHURYHU WKHRFFXUUHQFHRIDSUD[LD LQ+' ,Q6KHOWRQDQG
.QRSPDQDQGLQ+DPLOWRQHWDOH[DPLQHGDVPDOOQXPEHURISDWLHQWV
DQG+'SDWLHQWVUHVSHFWLYHO\QRWKDYLQJXVHGVWDQGDUGLVHGWHVWV





























+DPLOWRQ-0.<+DDODQGHWDO Ä,GHRPRWRU OLPEDSUD[LD LQ






006(    
'H5HQ]L7HVW    
,PLWDWLRQRIKDQGV¶PRYHPHQWV    
,PLWDWLRQRI¿QJHUV¶PRYHPHQWV    
*HVWXUHVRQGHPDQG    









LPPXQL]DWLRQZLWK GRSDPLQHERYLQH VHUXP DOEXPLQ '$%6$ RU VHURW
RQLQERYLQHVHUXPDOEXPLQ+7%6$FRQMXJDWHVZLWKFRPSOHWH)UHXQG¶V
DGMXYDQW &)$ RQ WKH GHYHORSPHQW RI H[SHULPHQWDO PHWK\OSKHQ\O
WHWUDK\GURS\ULGLQH 0373LQGXFHG GHSUHVVLYH V\QGURPH LQ UDWV
ZDVREVHUYHG&)$LVNQRZQWRDIIHFWWKHDFWLYLW\RIYDULRXVSK\VLRORJLFDO
V\VWHPVDQGVRPH&16IXQFWLRQV3UHYLRXVO\ZHKDYHUHYHDOHGVLJQL¿FDQW
GHFUHDVH RI GRSDPLQH SUHFXUVRU '23$ DQGPLOG GHFUHDVH RI GRSDPLQH
'$ LQVWULDWXPRI UDWVZLWKH[SHULPHQWDOGHSUHVVLYHV\QGURPH7KHDLP




0HWKRGV &)$ ZDV LQMHFWHG VXEFXWDQHRXVO\  PO RI &)$ ZLWK 
PO RI VDOLQH ([SHULPHQWDO GHSUHVVLYH V\QGURPHZDV LQGXFHG LQ UDWV E\
UHSHDWHG0373DGPLQLVWUDWLRQ.U\]KDQRYVN\*.UXSLQD1HWDO
DZHHNDIWHU&)$DGPLQLVWUDWLRQ7KHVHYHULW\RIV\PSWRPVRIGHSUHVVLYH




5HVXOWV &)$ PRGXODWHG WKH GHYHORSPHQW RI H[SHULPHQWDO GHSUHVVLYH
V\QGURPHLQUDWV³EHKDYLRXUDOGHVSDLU´DQGELRUK\WKPRORJLFDODOWHUDWLRQV
ZHUHQRWREVHUYHGDVFRPSDUHGWRFRQWUROUHSHDWHGVDOLQHDGPLQLVWUDWLRQ
+RZHYHU GHFUHDVH RI OLTXLG FRQVXPSWLRQ ZDV UHYHDOHG ERWK LQ UDWV ZLWK
GHSUHVVLYH V\QGURPH DQG LQ FRQWURO 8QGHU FRQGLWLRQV RI SUHYLRXV &)$
DGPLQLVWUDWLRQWKHGHFUHDVHRI'23$FRQWHQWLQVWULDWXPZDVQRWREVHUYHG
EXWWKHGHFUHDVHRI'$PHWDEROLWH'23$&GLGH[LVW
&RQFOXVLRQV 3DUWO\ SURWHFWLYH DQG SDUWO\ QHJDWLYH HIIHFWV RI&)$RQ EH
KDYLRUDO GHSUHVVLRQ LQ UDWVZHUH UHYHDOHG ,W LV VXJJHVWHG WKDW SUHYHQWLRQ
RI'$GH¿FLW LQ VWULDWXPE\&)$PD\FRQWULEXWH WREDVLFPHFKDQLVPVRI
















QRQDOFRKROUHODWHG GULYLQJ YLRODWLRQVZLWK DQ DLP WR FODULI\ DVVRFLDWLRQV
RI VHURWRQHUJLF IXQFWLRQLQJ LPSXOVLYH SHUVRQDOLW\ DQG UHDOOLIH LPSXOVLYH
EHKDYLRXUDPRQJKHDOWK\VXEMHFWV
0HWKRGV:H FRPSDUHG1(23, LPSXOVLYLW\ DQG H[FLWHPHQW VHHNLQJ DQG












SXOVLYLW\ DQG QHXURWLFLVPUHODWHG LPSXOVLYLW\ H[FHHGLQJ VSHHG OLPLWV DQG
RWKHUQRQDOFRKROUHODWHGGULYLQJYLRODWLRQVZHUHPRUHVWURQJO\DVVRFLDWHG
ZLWKIXQFWLRQDOLPSXOVLYLW\DQGH[FLWHPHQWVHHNLQJDQGWRDOHVVHUGHJUHH
ZLWK G\VIXQFWLRQDO LPSXOVLYLW\ 'UXQN GULYHUV KDG ORZHU SODWHOHW 0$2
DFWLYLW\5LVNDGPLWWLQJKLJKULVNGULYHUVKDGKLJKHUSODWHOHW0$2DFWLYLW\
DQGIXQFWLRQDODVZHOODVG\VIXQFWLRQDOLPSXOVLYLW\DQGH[FLWHPHQWVHHNLQJ





DFWLYLW\ LV ORZHU LQ DOFRKROUHODWHG ULVN\ EHKDYLRXU QRQDOFRKROUHODWHG
ULVN\EHKDYLRXUPD\DOVREHUHODWHG WRKLJKHU WKDQPHGLXPSODWHOHW0$2














5HVXOWV0HQWDO WUDXPD LV DEOH WR UHPDLQ LQPHPRU\ DV D ³0HQWDO HFKR´
RU³HFKRVWUHVVRU´:HFRQVLGHU³6HQVRUHFKRVWUHVVRU´DSSHDUVRZ
LQJWRPHFKDQLVPRILPSULQWLQJDQGPDQLIHVWVDVUHFROOHFWLRQVÀDVKÀDVK




VWUHVV UHDFWLRQ WR UHDO VWLPXOXV³&RJQLWLYHHFKR  VWUHVVRU´ LV WKH UHVXOW
RIKXPDQHYROXWLRQ ,PDJLQDWLRQSOD\VFHUWDLQ UROH LQ LWVGHYHORSPHQW ,Q
FRQGLWLRQRIVWUHVVVHOI±JHQHUDWLRQRI³HFKRVWUHVV´LVEHLQJREVHUYHG,Q
VXFKFDVH¿UVWVWDJHRIVWUHVVRUSURFHVVDXWRQRPLFQHXURQDOD[LVPD\IDOO












&RQFOXVLRQV 0HQWDO WUDXPD LV RI FRPSOH[ VWUXFWXUH 'LIIHUHQW W\SHV RI
SRVWVWUHVV GLVRUGHUV DUH FRQGLWLRQHG E\ GLIIHUHQW PHFKDQLVPV RI FOLQLFDO
V\PSWRPV GHYHORSPHQW +XPDQ VSHFL¿F PHQWDO YXOQHUDELOLW\ UHYHDOV LQ
SUHYDOHQWPHFKDQLVPRIWUDXPDWLFHYHQWVFRQVHUYDWLRQLQWKHPHPRU\WKH
PHFKDQLVPLPSULQWLQJSUHYDLOVRQRQHJURXSRIWKHSDWLHQWVWKHPHFKDQLVP





























WRHYDOXDWH WKH LPSXOVLYHQHVVZDV%DUUDWWµV6FDOH WR WKHEHJLQQLQJDQG WR








1  1  1 
&RJQLWLYH      
0RWRUERDW      
,QRWSODQQHG      

















FKDQJHVRI DQ[LHW\ LQSURJQRVLVRI FOLQLFDORXWFRPH LVQRW VWLOO FOHDU7KH
DLPRISUHVHQWLQYHVWLJDWLRQZDVWRPDNHDQDWWHPSWWRUHYHDODQ\UHJXODULW\
LQFKDQJHVRIDQ[LHW\LQUDWVZLWKGLIIHUHQWOHYHORIDQ[LHW\XVLQJGLIIHUHQW
H[SHULPHQWDO PRGHOV RI GHSUHVVLYH SDLQGHSUHVVLYH DQG QHXURJHQLF SDLQ
V\QGURPHVDVZHOODVWRHYDOXDWHWKHLQÀXHQFHRIDQ[LHW\RQWKHVHYHULW\RI
QHXURSDWKRORJLFDOV\QGURPH
0HWKRGV )RXU H[SHULPHQWDO PRGHOV LQ UDWV ZHUH XVHG DQ H[SHULPHQWDO
PRGHO RI SURQHXURWR[LQ PHWK\OSKHQ\OWHWUDK\GURS\ULGLQH
0373LQGXFHG GHSUHVVLYH V\QGURPH .U\]KDQRYVNLL *1 .UXSLQD 1$
HWDODPRGHORIQHXURJHQLFSDLQV\QGURPHLQGXFHGE\WKHWUDQVHF
WLRQ RI VFLDWLF QHUYH RI KLQG OLPE D PRGHO RI SDLQGHSUHVVLYH V\QGURPH

















RI DQ[LHW\ ERWK LQ WZR UDW PRGHOV RI SDLQGHSUHVVLYH V\QGURPH DQG LQ D
PRGHORIQHXURJHQLFSDLQV\QGURPH
&RQFOXVLRQV5HJXODULW\ LQ FKDQJHV RI DQ[LHW\ LQ UDWVZLWK LQQDWH ORZRU
KLJK OHYHO RI DQ[LHW\ LQ FRXUVHRI FHUWDLQQHXURSDWKRORJLFDO V\QGURPHV LV
EHOLHYHG WR H[LVW 0RUH VHYHUH DOWHUDWLRQV LQ LQGLYLGXDOV ZLWK LQQDWH ORZ









%DVHG RQ REVHUYDWLRQV LW KDV EHHQ K\SRWKHVL]HG WKDW PRUH KDUG ZRUNLQJ
VWXGHQWVZRXOGVWDUWWKHLUJURZWKVSXUWODWHU
0HWKRGV$TXHVWLRQQDLUHZDVGLVWULEXWHG WR VWXGHQWV LQ JUDGHV LQ D
VHOHFWLYH DFKLHYHPHQW GULYHQ FRPSHWLWLYH VFKRRO 7KH TXHVWLRQV LQFOXGHG
LWHPVRQKHLJKWDQGZHLJKWRIFKLOGUHQDQGWKHLUSDUHQWVWKHLUJUDGHDYHUDJH
ZRUNORDGRISHUFHLYHGVWUHVVHDWLQJKDELWVDQGVHOILPDJH
5HVXOWV  TXHVWLRQQDLUHV ZHUH UHWXUQHG DQG DQDO\]HG 0DQ\ FKLOGUHQ
UHSRUWHG EHLQJ RYHUVWUHVVHG DQG KDYLQJ FKDQJHV LQ WKHLU HDWLQJ KDELWV ,W
LVRILQWHUHVWWKDWWKHEHWWHUVWXGHQWVZKRZHUHDOVRWKHPRVWRYHUVWUHVVHG
GLGQRWJURZWRWKHVDPHSHUFHQWDJHRIWKHLUSRWHQWLDOKHLJKWFRPSDUHGWR














2EMHFWLYHV ,GHRPRWRU OLPE DSUD[LD LV D FRPPRQ VLJQ LQ SDWLHQWV ZLWK
FRUWLFDOGHPHQWLDHJ$O]KHLPHU¶VGLVHDVH$''HPHQWLDZLWK/HZ\%RG
LHV'/%EXW LW LV FRQWURYHUVLDOZKHWKHU LGHRPRWRUDSUD[LDPD\RFFXU LQ
SDWLHQWVZLWKVXEFRUWLFDOGHPHQWLD'HPHQWLDLQ3DUNLQVRQ¶VGLVHDVH3''













5HVXOWV 7KH UHVXOWV VKRZ D VLJQL¿FDQW GLIIHUHQFH LQ LPLWDWLRQ RI KDQGV¶
PRYHPHQWVDQGSDQWRPLPLFPRYHPHQWVEHWZHHQSDWLHQWVZLWKVXEFRUWLFDO
GHPHQWLD DQG FRQWUROV DQG D KLJKO\ VLJQL¿FDQW GLIIHUHQFH LQ WKH 006(






IURP FRUWLFDO OHVLRQV OHDGLQJ WR DSUD[LD LQ VXEFRUWLFDO GHPHQWLD FDXVLQJ










006(   
'H5HQ]L7HVW   
,PLWDWLRQRI)LQJHUV¶PRYHPHQWV   
,PLWDWLRQRI+DQGV¶0RYHPHQWV   
([HFXWLRQRI*HVWXUHVRQGHPDQG   

































&RQFOXVLRQV 2IIHQGHUV JHQHUDOO\ VKRZHGPRUH LPSDLUPHQW RQ WKH166
+RZHYHUKLVWRU\RIVXEVWDQFHXVHGLVRUGHUVZDVDFFRPSDQLHGZLWKEHWWHU
QHXURORJLFDO SHUIRUPDQFH 7KH UHVXOWV PD\ VXSSRUW D ³VHOIPHGLFDWLRQ













GLVHDVH DQG WKH TXDOLW\ RI OLIH7KHUH DUH YDULDEOH VWUDWHJLHV LQ WKH VWUHVV
UHGXFWLRQDQGSUHYHQWLRQ%XWIHZLQWHJUDWHGWKHUDS\V\VWHPVDUHSUDFWLFHG
7KHUHIRUHZHSHUIRUPHG WKLV VWXG\ WR FRPSDUH WKHSK\VLRORJLF HIIHFWVRI
,QWHJUDWHG7KHUDS\6\VWHP,76PXVLF07DURPD$7DQGYLGHR97




¿QJHU WHPSHUDWXUHEORRGYROXPHSXOVHKHDUW UDWH UHVSLUDWRU\ UDWH HWF!
SV\FKRVRFLDO DQG KRUPRQDO PHDVXUHV ZHUH HYDOXDWHG:H XVHG WKH ,QWH
JUDWHG 7KHUDS\ 6\VWHP (02V\VWHFK .RUHD LQWHJUDWHG WKHUDS\ V\VWHP
FRQVLVWHG RI YLGHRPXVLF DURPD DQG FRORU WKHUDSLHV ,76 DV WKH VWUHVV
UHGXFWLRQ PHWKRG $IWHU QRQUHFRUGLQJ DGDSWDWLRQ SHULRG PLQXWHV
SV\FKRSK\VLRORJLFPHDVXUHVLQDOOJURXSVZHUHUHFRUGHGGXULQJSUHWKHUDS\




JURXSLQJ SV\FKRSK\VLRORJLF PHDVXUHVSHUFHQW DOSKD LQ ((* IURQWDO
PXVFOH HOHFWURP\RJUDSK\ (0* VNLQ FRQGXFWDQFH ¿QJHU WHPSHUDWXUH




































2EMHFWLYHV&OLQLFLDQV UDUHO\ FRQVLGHU FKDQJH LQ FRJQLWLYH IXQFWLRQZKHQ
HYDOXDWLQJ WUHDWPHQW UHVSRQVH LQ LQGLYLGXDO FKLOGUHQZLWK$'+'7KLV LV
PRVWOLNHO\GXHWRDODFNRIVXLWDEOHDVVHVVPHQWWDVNVDVZHOODVFOLQLFLDQV¶
OLPLWHG DZDUHQHVV RI WKH DSSURSULDWH VWDWLVWLFDO WHFKQLTXHV IRU DQDO\VLQJ
FRJQLWLYH FKDQJH LQ LQGLYLGXDOV 7KLV VWXG\ LQYHVWLJDWHG WKH DSSOLFDWLRQ
RI VWDWLVWLFDO GHFLVLRQ UXOHV WR WKH FRJQLWLYH DQG EHKDYLRXUDOPHDVXUHV RI







5HVXOWV 2YHUDOO WKH GHFLVLRQ UXOH \LHOGHG D KLJK VHQVLWLYLW\ DQG KLJK
VSHFL¿FLW\ WR WUHDWPHQWUHVSRQVH,Q WKHKLJKGRVHFRQGLWLRQRIFKLO
GUHQZLWK$'+' GHPRQVWUDWHG FRJQLWLYH DQG EHKDYLRXUDO LPSURYHPHQWV
ZKHUHDVQRQHRIWKHKHDOWK\SDUWLFLSDQWVZHUHFODVVL¿HGDVKDYLQJLPSURYHG
LQHLWKHUGRPDLQ
&RQFOXVLRQV 7KLV VWXG\ GHPRQVWUDWHV DQ HYLGHQFHEDVHG DSSURDFK WR














REHVLW\ K\SHUWHQVLRQ G\VOLSLGHPLD K\SHUXULFHPLD DQG DEQRUPDOLWLHV RI
JOXFRVHKRPHRVWDVLV
0HWKRGV ,Q WKH FXUUHQW QDWXUDOLVWLF VWXG\ZH HYDOXDWHG WKH LQFLGHQFH RI
WKHPHWDEROLFV\QGURPHLQLQSDWLHQWVRISV\FKLDWULFKRVSLWDOV7KHSUHVHQFH
RI WKHPHWDEROLF V\QGURPHZDV DVVHVVHG DW WKH EHJLQQLQJ DQG DW WKH HQG









SUHVVXUH VHUXP OHYHOVRI WULJO\FHULGHVZHUH LQFUHDVHG LQ
  KLJKGHQVLW\ OLSRSURWHLQ GHFUHDVHG LQ   DQG IDVWLQJ
JOXFRVHOHYHOVZDVLQFUHDVHGLQ
&RQFOXVLRQV7KHPHWDEROLFV\QGURPHDIIHFWVRIWKHPLGGOHDJHG
SRSXODWLRQ LQ KLJKO\ LQGXVWULDOL]HG FRXQWULHV 2XU UHVXOWV GHPRQVWUDWH DQ
LQFUHDVHGSUHYDOHQFHRIWKHPHWDEROLFV\QGURPHLQSV\FKLDWULFLQSDWLHQWV
%RWKSDWLHQWVZLWK VHYHUHPHQWDO LOOQHVV DQGSDWLHQWVZLWKREHVLW\ DVVRFL
DWHGZLWK LQVXOLQ UHVLVWDQFHKDYHPDUNHG LQFUHDVHV LQ WKHLU FDUGLRYDVFXODU
PRUELGLWLHV DQG PRUWDOLWLHV DQG PHDVXULQJ WKH GLDJQRVWLF FULWHULD RI WKH
PHWDEROLFV\QGURPHLQSV\FKLDWULFSDWLHQWVLVZDUUDQWHGWRDVVHVVWKHFDUGLR
YDVFXODUULVNSUR¿OHLQLQGLYLGXDOSDWLHQWV7KHSUHVHQFHRIWKHVHULVNIDFWRUV
PD\ H[SODLQ WKH LQFUHDVHG PRUWDOLW\ RI SV\FKLDWULF SDWLHQWV EXW IXUWKHU



































3DUHQW DQG 7HDFKHU 5DWLQJ 6FDOH VFRUHV 7KH VFDOHV ZHUH FRPSOHWHG DW




GH¿FLHQF\7KH FKLOGZDV QRW DQDHPLF KHPRJORELQ  JPO7KH
&RQQHUV¶3DUHQWDQG7HDFKHU5DWLQJ6FDOHVFRUHVZHUHDQG UHVSHF
WLYHO\$IWHUPRQWKVRI WUHDWPHQW IHUULWLQ OHYHOV LQFUHDVHGWRQJPO
7KH&RQQHUV¶3DUHQWDQG7HDFKHU5DWLQJ6FDOHVFRUHVGHFUHDVHGWRDQG




























H\HEOLQNLQJZKHQ DZHDN QRQVWDUWOLQJ WRQH SUHVWLPXOXV SUHFHGHV WKH
VWDUWOLQJ VWLPXOXV E\ DERXW PV/LWWOH LV NQRZQ UHJDUGLQJJHQHV FRQ
WULEXWLQJWR33,LQKXPDQVDQGWRZDUGVFKDUDFWHUL]LQJWKHPROHFXODUJHQHWLF
DUFKLWHFWXUH RI KXPDQ 33,ZH WHVWHG D JURXS RI FDQGLGDWH JHQHV WKDWZH
K\SRWKHVL]HGDUHOLNHO\WREHDVVRFLDWHGZLWKVHQVRU\JDWLQJ
0HWKRGV  QRQFOLQLFDO VXEMHFWV ZHUH WHVWHG IRU VWDUWOH UHÀH[ DQG 33,
7KHVH VXEMHFWV DQG WKHLU IDPLOLHV KDYH EHHQ SUHYLRXVO\ JHQRW\SHG IRU D
QXPEHU RI FDQGLGDWH JHQHV DQG ZH WHVWHG IRU DVVRFLDWHG EHWZHHQ WKHVH
JHQHV DQG 33, XVLQJ D UREXVW IDPLO\EDVHG DVVRFLDWLRQ WHVW )%$7 	
813+$6('$VVRFLDWLRQ ZDV DOVR H[DPLQHG XVLQJ D SRSXODWLRQ EDVHG
DSSURDFKDQG$129$GHVLJQ
5HVXOWV  %\ SRSXODWLRQ DQDO\VLV WKHUH LV D VLJQL¿FDQW DVVRFLDWLRQ
)  S  EHWZHHQ WKH VHURWRQLQ WUDQVSRUWHU SURPRWHU UHJLRQ
SRO\PRUSKLVP+77/35&DUULHUVRI WKHVKRUWVKRUWEDVHSDLUGHOHWLRQ
VKRZVLJQL¿FDQWO\GHFUHDVHG33,PV7KHVHUHVXOWVZHUHFRQ¿UPHGE\
XVLQJ D IDPLO\EDVHG DVVRFLDWLRQ WHVW 813+$6('4SGWSKDVH VKRUW DO





	([RQ ,,,  UHSHDW ]  S  :H DOVR REVHUYHG DVVRFLDWLRQ
EHWZHHQ33,PVDQGWKHDUJLQLQHYDVRSUHVVLQUHFHSWRU$935DPLFUR
VDWHOOLWH56813+$6('JOREDOWHVWFKLVTXDUH S 1 
)LQDOO\ZHREVHUYHG VRPHHYLGHQFH IRU D FRQWULEXWLRQRIPRQRDPLQH
R[LGDVH$SURPRWHUUHJLRQWR33,PV813+$6('] S 
ZKHQRQO\WKH¿UVWKDOIRIWKHVHVVLRQZDVLQFOXGHGLQWKHDQDO\VLV
&RQFOXVLRQV 7KH FXUUHQW VWXG\ LV WKH ¿UVW WR LGHQWLI\ VHYHUDO FDQGLGDWH
JHQHV WKDW SURYLVLRQDOO\ DSSHDU WR FRQWULEXWH WR LQGLYLGXDO GLIIHUHQFHV LQ
33,+DSORW\SHV RI WKH'5' UHFHSWRU WKDW UHGXFH WUDQVFULSWLRQ DQG SUH
VXPDEO\ UHFHSWRU SURWHLQ V\QWKHVLV DQGZKLFK LQ WKH FXUUHQW VWXG\ FRQIHU

















DUH WDNHQ LQWRFRQVLGHUDWLRQ LQDOORI WKHKXPDQVFLHQFHVQDPHO\  WKH





















2EMHFWLYHV&KLOGKRRG ELSRODU GLVRUGHU LV DPRQJ WKHPRVW VHYHUHO\ GLVD
EOLQJSV\FKLDWULFFRQGLWLRQVDIIHFWLQJFKLOGUHQ<RXWKZLWKELSRODUGLVRUGHU







0HWKRGV 6XEMHFWV ZHUH HQUROOHG LQ DQ ZHHN RSHQODEHO PRQRWKHUDS\










5HVXOWV  VXEMHFWV ZHUH HQUROOHG LQ WKH WULDO ZHUHPDOH DYHUDJH
DJH ZDV  \HDUV $W VWXG\ HQGSRLQW PHDQ ULVSHULGRQH GRVH ZDV
 PJGD\$W EDVHOLQH VXEMHFWV ZHUH PDUNHGO\ LPSDLUHG DFFRUGLQJ
WR WKH <056  DQG WKH $'+' UDWLQJ VFDOH  :LWK
UHJDUG WRPDQLFV\PSWRPVUHVSRQVHZDVUREXVW7KH<056ZDVUHGXFHG
E\SRYHUZHHNV5HVSRQVHZDVUDSLGZLWK
UHVSRQGLQJ ZLWKLQ  ZHHNV )LJXUH  LOOXVWUDWHV WKH PHDQ $'+'56 DW




DWZHHN ZDV VLJQL¿FDQWO\ JUHDWHU LQ WKRVH WKDW KDG DOUHDG\ UHJLVWHUHG D
PDQLDUHVSRQVH
&RQFOXVLRQV 7KLV SLORW VWXG\ VXJJHVWV WKDW ULVSHULGRQH LV DVVRFLDWHG





UHVLGXDO V\PSWRPV RI$'+' DQG WKH PDMRULW\ ZHUH QRW UDWHG DV KDYLQJ
H[SHULHQFHGFOLQLFDOLPSURYHPHQW
5HIHUHQFHV















UHVLVWDQW V\PSWRPV RI VFKL]RSKUHQLF SV\FKRVHV VWLOO UHSUHVHQW D VHULRXV
SUREOHP IRU WKH FOLQLFDQ ,Q DQLPDO H[SHULPHQWDO VWXGLHV D PRGXODWLQJ
HIIHFW RI U706RQ GRSDPLQHUJLF QHXURWUDQVPLVVLRQZDV YHUL¿HG+LJK RU
ORZIUHTXHQF\U706FDQH[FLWHRULQKLELWFRUWLFDODUHDVRIWKHEUDLQ,WKDV
EHHQXVHGIRUSK\VLRORJLFDOVWXGLHVDQGDVDWUHDWPHQWIRUGHSUHVVLRQU706
VKRZV LQFUHDVLQJHYLGHQFHRI VXFFHVVIXO WUHDWPHQW LQVFKL]RSKUHQLD0RVW













5HVXOWV  VFKL]RSKUHQLF SDWLHQWV  UDQGRPL]DWLRQ FRPSOHWHG WKH
















2EMHFWLYHV $EQRUPDOLWLHV RI WKH UHVWDFWLYLW\ F\FOH KDYH EHHQ IRXQG LQ
YDULRXV SV\FKLDWULF GLVRUGHUV >@ DQG DUH K\SRWKHVL]HG WR EH SDUW RI WKH
XQGHUO\LQJSDWKRORJ\RI VHDVRQDO DIIHFWLYHGLVRUGHU 6$' IDOOZLQWHU GH
SUHVVLRQ>@7KHSUHVHQWVWXG\H[DPLQHGDFWLYLW\OHYHOVDQGVOHHSLQ6$'
ZLWKDFWLJUDSK\















&RQFOXVLRQV 7KH UHVXOWV RI WKLV VWXG\ FRQ¿UP GLVWXUEDQFHV RI WKH UHVW
DFWLYLW\F\FOHLQ6$'GXULQJIDOODQGZLQWHU)XUWKHUUHVHDUFKLQWKLV¿HOG



















JHQRPHVRI WKHVH IDPLO\PHPEHUVDQGHOLPLQDWHV WKH'1$VHJPHQWV WKDW
DUHQRWLGHQWLFDO,QWKHSUHVHQWVWXG\*HQRPH+,3ZDVDSSOLHGWRLGHQWLI\
VXVFHSWLELOLW\JHQHVLQDXWLVP
0HWKRGV  LQGHSHQGHQW VLE SDLUV DIIHFWHG ZLWK DXWLVP ZHUH RE
WDLQHG IURP $XWLVP *HQHWLF 5HVHDUFK ([FKDQJH $*5( WR SHUIRUP
*HQRPH+,3)DPLOLHVZHUH LQFOXGHG LIERWKDIIHFWHGVLEV LQ WKH IDPLO\







HDFK IDPLO\ ZDV SDLUHG DQG SURFHVVHG ZLWK *HQRPH+,3 WR SK\VLFDOO\
HQULFKWKH,%'UHJLRQV7KHLGHQWLFDOVHTXHQFHVZHUHPDSSHGE\K\EULGLVD
WLRQ RQWR D%$&PLFURDUUD\ UHSUHVHQWLQJ WKH KXPDQJHQRPH DW D0E
UHVROXWLRQ$QDO\VLVRIWKHPLFURDUUD\GDWDDOORZHGWKHLGHQWL¿FDWLRQRIWKH




D OLQNDJH UHJLRQRQ FKURPRVRPHS SPD[ [ UHSRUWHGE\RWKHU
VWXGLHV)LQHPDSSLQJLQWKHORFXVRQFKURPRVRPHSUHYHDOHGHYLGHQFH


























ZLWKPRUH VHULRXV OHDUQLQJRU LQWHOOHFWXDO GLVDELOLWLHVZRXOGSUHVHQWPRUH
HOHYDWHGSV\FKRORJLFDOV\PSWRPV
0HWKRGV 7KH VDPSOH ZDV FRQVLVWHG RI  FKLOGUHQ DJHG  WR  7KH
FKLOGUHQZHUHFDWHJRUL]HGLQWKUHHGLIIHUHQWJURXSVDFKLOGUHQZLWKVOLJKW
OHDUQLQJGLVDELOLWLHVEFKLOGUHQZLWKG\VOH[LDDQGFFKLOGUHQZLWKOHDUQLQJ
DQG LQWHOOHFWXDO GLVDELOLWLHV&KLOGUHQZHUH JLYHQ WR FRPSOHWH%HFN<RXWK




IRXQG WKDW SDUHQWV JHQHUDOO\ XQGHUHVWLPDWH WKRVH DIIHFWLYH SUREOHPV DQG
IRFXVRQWKHWUHDWPHQWRIWKHOHDUQLQJGLVDELOLWLHV





















LQ WKH VWULDWXPZKHUH WKH\PD\DFWDVDQ LQKLELWRU\ IHHGEDFNPHFKDQLVP















&RQFOXVLRQV 2XU VWXG\ LQ WKH PDOH DGXOW SRSXODWLRQ RI GHWDLQHHV ZLWK
*HUPDQEDFNJURXQGVXIIHULQJRI$'+'DUJXHVDJDLQVWWKHK\SRWKHVLVWKDW
*!$SRO\PRUSKLVPRIWKH&%&QULVFDXVDOO\UHODWHGWRDGXOW$'+'EXW


















&DVHV&DVH&RQVLGHULQJ WKHIDFW WKDW WKHGLVWXUEDQFHRIFRQVFLRXVQHVV
RFFXUUHGVXEVHTXHQWWRWKHH[FHVVLYHLQWDNHRI2ODQ]DSLQHLWZDVFRQFOXGHG
WKDWWKHH[FHVVLYHLQWDNHRI2ODQ]DSLQHGLUHFWO\FDXVHGWKHUKDEGRP\RO\VLV
&DVH  7KH RQVHW RI UKDEGRP\RO\VLV ZDV H[KLELWHG DIWHU WKH H[FHVVLYH




5HVXOWV 7KH PHFKDQLVP LQ ZKLFK UKDEGRP\RO\VLV FUHDWHG XSWDNHV E\





&RQFOXVLRQV ,Q WUHDWLQJ UKDEGRP\RO\VLV RQH RI WKH FRPSOLFDWLRQVZKLFK
UHTXLUHVSUHYHQWLRQLVDFXWHUHQDOIDLOXUH+RZHYHULWEHFRPHVSRVVLEOHWR





















WKH WHVW UHVXOWV  WKH\ZHUHGLYLGHG LQWRJURXSV  WKHJURXS WKDW VKRZHG
ERWK YLVXDO DQG DXGLWRU\ DWWHQWLRQ SUREOHP 9$ JURXS1  WKH JURXS
WKDWVKRZHGRQO\YLVXDODWWHQWLRQSUREOHP9JURXS1 WKHJURXSWKDW








VKRZHG DXGLWRU\ DWWHQWLRQ SUREOHP UHJDUGOHVV RI YLVXDO DWWHQWLRQ 9$$
























%DFNJURXQG 7KHUH LV VWURQJ HYLGHQFH VXSSRUWLQJ D UROH IRU VHURWRQLQ
V\VWHPG\VIXQFWLRQ LQ LPSXOVLYHEHKDYLRU7KH VHURWRQLQ WUDQVSRUWHU JHQH
+77LVRQHRIWKHLPSRUWDQWRQHVLQYROYHGLQWKHUHJXODWLRQRIVHURWRQLQ
WUDQVPLVVLRQ7KH VKRUW ³V´ DOOHOHRI+7735SRO\PRUSKLVPKDVEHHQ
DVVRFLDWHGZLWKVXLFLGHDQGDJJUHVVLYHEHKDYLRU
2EMHFWLYHV'HWHUPLQLQJWKHDVVRFLDWLRQEHWZHHQJHQHWLFSRO\PRUSKLVPRI
+77/35 ³O´ DQG ³V´ DOOHOHV DQG LPSXOVLYLW\ LQ LPSXOVLYH SHUVRQDOLW\
GLVRUGHUHG&KLOHDQSDWLHQWV
0HWKRGV  SDWLHQWV IXO¿OOLQJ '60,9 FULWHULD IRU SHUVRQDOLW\ GLVRUGHU




+77/35 SRO\PRUSKLVP ZDV JHQRW\SHG E\ 3&5 XVLQJ WKH ROLJRQXFOH
RWLGHVVWSUDQGVWSU
5HVXOWV$OOHOLFIUHTXHQFLHVZHUH³V´ DQG³O´ LQWKHSDWLHQWVZLWK
SHUVRQDOLW\ GLVRUGHU DQG LPSXOVLYHDJJUHVVLYH EHKDYLRU DQG ³V´  DQG
³O´ LQWKHFRQWUROJURXS
&RQFOXVLRQV3UHOLPLQDU\UHVXOWVVXJJHVWWKDWDOOHOLFIUHTXHQF\RIDOOHOHÄV³






















2EMHFWLYHV $Q DVVRFLDWLRQ KDV EHHQ REVHUYHG EHWZHHQ WKH FDWHFKRO2
PHWK\OWUDQVIHUDVH&207JHQHWKHSUHGRPLQDQWPHDQVRIFDWHFKRODPLQH
FDWDEROLVP ZLWKLQ WKH SUHIURQWDO FRUWH[ 3)& DQG QHXURSV\FKRORJLFDO
WDVNSHUIRUPDQFHLQKHDOWK\DQGVFKL]RSKUHQLFDGXOWV6LQFHVHYHUDORIWKH
FRJQLWLYH IXQFWLRQV W\SLFDOO\ GH¿FLHQW LQ FKLOGUHQ ZLWK $WWHQWLRQ 'H¿FLW
+\SHUDFWLYLW\ 'LVRUGHU $'+' DUH PHGLDWHG E\ SUHIURQWDO GRSDPLQH














&RQFOXVLRQV &RQWUDU\ WR WKH REVHUYHG DVVRFLDWLRQ EHWZHHQ:&67 SHU
IRUPDQFHDQGWKH9DO0HWSRO\PRUSKLVPRIWKH&207JHQHLQERWK



































WLRQV IXOO DWWHQWLRQ ZRUGV MXVW SUHVHQWHG DQG GLYLGHG DWWHQWLRQ GHPDQG
WR UHDFW WR D UDQGRP FRORXU FKDQJH RI WKH ZRUGV E\ EXWWRQ SUHVV (DFK




GLUHFWHG IRUJHWWLQJ HIIHFW L H WKH\ UHPHPEHU PRUH ³UHPHPEHU´ WKDQ
³IRUJHW´ LWHPVZKLFK LV VWURQJHU XQGHU IXOO WKDQ XQGHU GLYLGHG DWWHQWLRQ
DQGGRHVQRWGLIIHUEHWZHHQWUDXPDUHODWHGDQGQHXWUDOZRUGV3DWLHQWVZLWK







KDYHGLI¿FXOWLHV WRPHPRULVH WUDXPDUHODWHGZRUGV7KLV LV LQDFFRUGDQFH

























LQMXU\7KHDLPRI WKLVVWXG\ZDV WRGHWHUPLQH WRWDOSODVPDKRPRF\VWHLQH
OHYHOVLQDFWLYHO\GULQNLQJDOFRKROLFVDQGSDWLHQWVZLWKHDUO\DEVWLQHQFHDQG
WRHYDOXDWHDQDVVRFLDWLRQZLWKDKLVWRU\RIDOFRKROZLWKGUDZDOVHL]XUHV
0HWKRGV2XU VWXG\ LQFOXGHG WZR JURXSV RI SDWLHQWVZLWK DQ HVWDEOLVKHG
GLDJQRVLV RI DOFRKRO GHSHQGHQFH *5283$ FRPSULVHG  FRQVHFXWLYHO\

































EHLQJ ¶ÀXRUHVFHQWO\ ODEHOOHGZLWK7$05$ 3URGXFWVZHUH DQDO\]HG RQ
DQ$%,VHTXHQFHU $%,  WRJHWKHUZLWK D52;ODEHOOHG VL]H VWDQGDUG
$PHUVKDPDQGVFRUHGE\*HQH6FDQ9
5HVXOWV :H IRXQG KLJKO\ VLJQL¿FDQW ORQJHU DOOHOHV RI 1$&35(3 LQ
DOFRKRO GHSHQGHQW SDWLHQWV FRPSDUHG WRKHDOWK\ FRQWUROV .UXVNDO:DOOLV
WHVWȤ GI S:KLOHFRQWUROVVKRZDPD[LPXPDWDOOHOH
DERXWSDWLHQWVZLWKDOFRKROLVPVKRZDPD[LPXPDWDOOHOH
$GGLWLRQDOO\ WKHVH OHQJWKVVLJQL¿FDQWO\FRUUHODWHZLWK OHYHOVRIH[SUHVVHG
DOSKDV\QXFOHLQP51$Ȥ GI S 














&KLED)DOHN 2 1XVVEDXP 5/  (IIHFW RI DOOHOLF YDULDWLRQ DW WKH
1$&35HS UHSHDW XSVWUHDP RI WKH DOSKDV\QXFOHLQ JHQH 61&$ RQ







2EMHFWLYHV 3URJUDPPHG FHOO GHDWK DQG LWVPRUSKRORJLFPDQLIHVWDWLRQ RI
DSRSWRVLV LV HVVHQWLDO PHFKDQLVP LQ DGXOW RUJDQLVPV WR PDLQWDLQ QRUPDO
FHOOXODUKRPHRVWDVLVDQGUHMHFWGHIHFWLYHFHOOV(WKDQROLVDSRVVLEOHSDWKR
JHQLFIDFWRULQGXFLQJDSRSWRVLV7KLVVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHWKH














DJH RI O\PSKRF\WHV ZLWK )DVUHFHSWRU H[SUHVVLRQ ZDV  DQG
 UHVSHFWLYHO\ S $IWHU  ZHHN WUHDWPHQW WKH WHQGHQF\




DQG LQFUHDVH RI FRQWHQW RI LWV DFWLYH SURGXFWV LQ WKH EORRG GDPDJLQJ WKH
PHPEUDQHLQWHJULW\DQGGHYHORSLQJDSRSWRVLVIHDWXUHV
5HIHUHQFHV




























LQJ GDWD XVLQJ 6SHDUPDQ FRUUHODWLRQ ZH IRXQG QR VLJQL¿FDQW DVVRFLDWLRQ
EHWZHHQ KRPRF\VWHLQH OHYHOV DQG WKH H[WHQW RI FUDYLQJ IRU ERWK JURXSV
RQGD\JURXS$U 3 JURXS%U 3 $OVR
LQ VXEJURXS DQDO\VLV GLIIHUHQWLDWLQJ IRU VH[ GDLO\ DOFRKRO LQWDNH \HDUV
RI GULQNLQJ HWF ZH IRXQG QR VLJQL¿FDQW UHVXOWV7KHVH QHJDWLYH ¿QGLQJV
ZHUH FRQ¿UPHGE\ ORJLVWLF UHJUHVVLRQ DQDO\VLV GD\ JURXS$% 
S JURXS%% S 5HVXOWVIRUGD\QHLWKHUUHYHDOHGD
VLJQL¿FDQWDVVRFLDWLRQ




RQGD\JURXS$U 3 JURXS%U 3 $OVR
LQ VXEJURXS DQDO\VLV GLIIHUHQWLDWLQJ IRU VH[ GDLO\ DOFRKRO LQWDNH \HDUV
RI GULQNLQJ HWF ZH IRXQG QR VLJQL¿FDQW UHVXOWV7KHVH QHJDWLYH ¿QGLQJV
ZHUH FRQ¿UPHGE\ ORJLVWLF UHJUHVVLRQ DQDO\VLV GD\ JURXS$% 









2EMHFWLYHV /RZ SODWHOHW PRQRDPLQH R[LGDVH 0$2 DFWLYLW\ LV DVVRFL
DWHG ZLWK EHKDYLRU GULQNLQJ DQG WKH QHXURWUDQVPLWWHU GRSDPLQH LV DOVR
DQ LPSRUWDQW UROH LQ WKH GHYHORSPHQW RI DOFRKRO DEXVH GHSHQGHQFH7KH
SRO\PRUSKLVPRIPRQRDPLQHR[LGDVHW\SH$0$2$JHQHDQG'RSDPLQH




EH LQYROYHG LQ WKH GHJUDGDWLRQ RI FDWHFKRODPLQH QHXURWUDQVPLWWHU VXFK
DV VHURWRQLQ DQGGRSDPLQH:HK\SRWKHVL]HG WKDW WKH0$2$JHQHPLJKW



























GLVRUGHUV DQG LWV SKHQRW\SHV$P - 0HG *HQHW % 1HXURSV\FKLDWU *HQHW




























5HVXOWV  /HSWLQ OHYHO LQ FXUUHQWO\ GULQNLQJ DOFRKROLFV ZDV
VLJQL¿FDQWO\ KLJKHU WKDQ LQ QRUPDO FRQWUROV   ,Q DOFRKROLF
VXEMHFWVSODVPDOHSWLQOHYHOVGHFUHDVHGVLJQL¿FDQWO\LQGD\
LQFRPSDULVRQZLWKWKHOHYHOVLQGD\/HSWLQOHYHOLQVWD
EOH DEVWDLQHU ZDV ORZHU WKDQ LQ FXUUHQWO\ GULQNLQJ DOFRKROLFV
EXWQRWGLIIHUHQWIURPQRUPDOFRQWUROV
&RQFOXVLRQV$OWKRXJKWKHGHWDLOHGQXWULWLRQDOIDFWRUVNQRZQWREHDVVRFL
DWHGZLWK OHSWLQZHUH QRW FRQVLGHUHG LQ WKLV VWXG\ RXU SUHOLPLQDU\ UHVXOW
VXJJHVWHG WKHSODXVLEOH UROHRISODVPD OHSWLQ DV D VWDWHPDUNHURI DOFRKRO
























DQG7KRPSVRQ 0RUHRYHU GRSDPLQHZKLFK LV DOVR DVVRFLDWHGZLWK
DJJUHVVLYH DQG DQWLVRFLDO EHKDYLRUV &ORQLQJHU  LVPHWDEROL]HGERWK
E\0$2$DQGE\$/'+)HOGPDQHWDO7KHUHIRUH0$2$DQG
$/'+ JHQHV PLJKW LQWHUDFW WR LQÀXHQFH DQWLVRFLDO SHUVRQDOLW\ GLVRUGHU
DQGRUDOFRKROLVP






























2EMHFWLYHV 'RSDPLQHEHWDK\GUR[\ODVH '%+ FDWDO\]HV WKH FRQYHUVLRQ
RIGRSDPLQHWRQRUHSLQHSKULQH$OWHUHG'%+DFWLYLW\KDVEHHQUHSRUWHGLQ




































&XEHOOV -) =DEHWLDQ &3  +XPDQ JHQHWLFV RI SODVPD GRSDPLQH ȕ

























0HWKRGV$EGRPLQDO DRUWLF DQHXULVP VXEMHFWV ZKR HLWKHU XQGHUZHQW DE
GRPLQDO DRUWLF UHSDLU Q  RU ZHUH WUHDWHG FRQVHUYDWLYHO\ Q  ZHUH
VWXGLHG'DWDZDV FROOHFWHG SUH LQWUD DQG SRVWRSHUDWLYHO\ DW   DQG
 PRQWKV 6&,'&,', SV\FKLDWULF GLDJQRVHV VHOIUHSRUW PHDVXUHV IRU
GHSUHVVLRQ DQG DQ[LHW\ LQFOXGLQJ &$36 %', ,(6 DQG 67$, DQG ELR








S  *5ELQGLQJ SUHWR  PRQWKV U  S  XULQH FRUWLVRO
SUHWRPRQWKVU S 3UHVXUJHU\'67ZDVIRXQGWRSUHGLFW
SRVWVXUJLFDOSV\FKRSDWKRORJ\ZLWKPRRGRUDQ[LHW\GLDJQRVLVDWPRQWK
U S ZLWK%',DQG ,(6VFRUHVDWPRQWK U S 
DQG U  S  UHVSHFWLYHO\ 3UHVXUJHU\ *5ELQGLQJ SUHGLFWHG
SV\FKLDWULFV\PSWRPVHYHULW\DWDQGPRQWKV ZLWKPRQWKV&$36
















VWUHVV GLVRUGHU 376' 6WUHVVRU HIIHFWV DQG GLIIHUHQFHV EHWZHHQ )LVFKHU
DQG:LVWDUUDWVZHUHH[DPLQHG









/RFRPRWRUDFWLYLW\ HDFKRIGD\VDIWHU ,6VKDP,6 ,Q WKH2SHQ)LHOG
$FWLYLW\6\VWHP[FP0('$VVRFLDWHVHSLVRGHVRIORFRPRWRU
DFWLYLW\ZHUHFRXQWHGIRUPLQ
(OHYDWHG SOXVPD]H GD\  DIWHU ,6VKDP,6 7KH '97UDFN 9,'(2





VKRFN FKDPEHU ZKLOH WKH VLJQDO OLJKW ZDV RQ ZDV FRXQWHG DV DYRLGDQFH
:LVWDU,6VKRZHGVLJQL¿FDQWO\PRUHDYRLGDQFHWKDQ:LVWDUVKDP,6)LVFKHU





























VHUXP LQWHVWLQDO PLFURELRFHQRVLV FKDQJHV DQG PLFURSKORUD FRQWULEXWLRQ
LQWRPHWDEROLFSURFHVVHVLQSDWLHQWV¶RUJDQLVPV






ZLWK FKURQLF DOFRKROLVP.LUSLWFK ,$%D]KXNRYD7$ 6LPRQRYD*1
DQGRWKHU±$OFRKROLFGLVHDVH1RS
6LGRURY 3,  &U\VWDOORJUDSKLF UHVHDUFK RI EORRG VHUXP RI SDWLHQWV
ZLWK FKURQLF DOFRKROLVP 6LGRURY 3, .LUSLWFK ,$ 9ROFKHWVN\ $/
±1DUNRORJLD1R±S
6RORYLHY$*  'HWHFWLRQ RI D GHJUHH RI RUJDQLVP SURYLVLRQ ZLWK









2EMHFWLYHV7KHSKDUPDFRORJ\RI WKHKXPDQ1. UHFHSWRU K1.5KDV
EHHQH[WHQVLYHO\LQYHVWLJDWHGDQGQXPHURXVQRQSHSWLGHDQWDJRQLVWVGHYHO
RSHG *LDUGLQDHW DO 'UXJV7KHUH DUH UHSRUWHG WREH




(XU - 3KDUPDFRO  %HUHVIRUG HW DO %U - 3KDUPDFRO
 ,Q WKLV VWXG\ZHFORQHG WKHJHUELO1.UHFHSWRU J1.5
DQGFKDUDFWHUL]HGDQGFRPSDUHGWKHSKDUPDFRORJ\RIWKHJ1.DQGK1.
UHFRPELQDQWUHFHSWRUV
0HWKRGV7KH F'1$HQFRGLQJ WKH J1.5ZDV FORQHG IURPJHUELO EUDLQ
WLVVXH 51$ E\ 573&5 XVLQJ GHJHQHUDWH SULPHUV ,W ZDV WUDQVLHQWO\
WUDQVIHFWHG LQ +(. FHOOV DQG SKDUPDFRORJLFDOO\ FKDUDFWHUL]HG XVLQJ




5HVXOWV 7KH SUHGLFWHG SURWHLQ RI WKH J1.5ZDV GHWHUPLQHG WR EH 
DPLQRDFLGV ORQJZLWKDPROHFXODUPDVVRI.'D7KHUHZDVDKLJK
GHJUHH RI LGHQWLW\ ZLWK UDW  PRXVH  DQG KXPDQ 
VHTXHQFHV7KHDPLQRDFLGVZHUHLGHQWLFDOEHWZHHQWKHK1.DQG
J1.VHTXHQFHVEXWWKHUHZHUHNH\GLIIHUHQFHVWRWKRVHLQUDWDQGPRXVH
,Q UDGLROLJDQG ELQGLQJ VWXGLHV LQ J1. 1. DQWDJRQLVWV FRPSHWHG IRU










WKH6XEVWDQFH3LQGXFHG&D UHVSRQVH IRUJ1.DQGK1.ZLWKD UDQN





















LW\RI OLIHDUHDVVHVVHG LQ ORQJWHUPVXUYLYRUVRIDFXWHUHVSLUDWRU\GLVWUHVV
V\QGURPH$5'6RUVHSWLFVKRFN6WUHVVGRVHVRIK\GURFRUWLVRQHDSSOLHG
GXULQJ HDUO\ LQWHQVLYH FDUH PD\ WXUQ RXW DV D VLJQL¿FDQW LQWHUYHQWLRQ WR
SUHYHQWSRVWWUDXPDWLFVWUHVVUHDFWLRQV












 Q    IURP VXE376' 3DWLHQWVZLWK 376' GHPRQVWUDWHG D SUR
QRXQFHG WHQGHQF\ IRU VRPDWL]DWLRQ DQG VWDWH DQ[LHW\%HWZHHQ VXEJURXSV
376'VXE376'QR376'WKHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHU
HQFHVLQUHVSHFWRIVRFLDOVXSSRUWDQGV\PSWRPVRIFRJQLWLYHG\VIXQFWLRQ
3DWLHQWV ZLWK 376' VKRZHG PDMRU LPSDLUPHQWV LQ VRPH GLPHQVLRQV RI
KHDOWKUHODWHGOLIHTXDOLW\JHQHUDOKHDOWKVRFLDOIXQFWLRQLQJPHQWDOKHDOWK
ZKHUHDVSDWLHQWVZLWKRXW376'KDGVFRUHVZKLFKZHUHZHOOLQWKHUDQJHRI







SDWLHQWVZHUH VHOHFWHG IURPRXUGDWDEDVHZLWK UHJDUG WR DJH \HDUV
JHQGHUDQGFDXVHRIVHSWLFVKRFNLQRUGHUWREHDVVLPLODUDVSRVVLEOHZLWK














WLVRQH LQGRVHV HTXLYDOHQW WR WKHPD[LPDO HQGRFULQH VHFUHWLRQ UDWHGXULQJ















DQG WKH'DYLGVRQ376' UDWLQJ VFDOH '76ZHUH XVHG$OO VXEMHFWV SUR
YLGHGZULWWHQLQIRUPHGFRQVHQWDIWHUIXOOGHVFULSWLRQRIWKHVWXG\











 7KHUH LV D KLJK LQFLGHQFH RI 376'  EHWZHHQ WKH ¿UVW DQG WKH
VHFRQGPRQWKDIWHUWKHDWWDFN
7KHVHRXWFRPHVDUH VLPLODU WR WKRVH IRXQG LQRWKHU VWXGLHVGHDOLQJZLWK
ODUJHVFDOHFDWDVWURSKHV
*HQGHU DQG SK\VLFDO VOLJKW LQMXULHV DUH SRVVLEOH SUHGLFWLYH YDULDEOHV IRU
376'6\PSWRPDWRORJ\
5HIHUHQFHV
*DOHD69ODKRY'5HVQLFN+ HW DO $Q LQYHVWLJDWLRQ RI WKH SV\











,QWURGXFWLRQ7KH REMHFWLYHZDV WR GHWHUPLQH QRW RQO\ GLIIHUHQFHV LQ HI































YHUVLDO2XU DLPZDV WR FRPSDUH VHOIUDWLQJVRI$'+'V\PSWRPVDPRQJ
DGXOWGUXJDEXVHUVZLWKWKHUHVXOWVRIREMHFWLYHQHXURSV\FKRORJLFDOWHVWLQJ
DQGPRWRUDFWLYLW\PRQLWRULQJ
0HWKRGV LQSDWLHQWRSLDWHDGGLFWVDW WKH'UXJ'HSHQGHQFH8QLWRI WKH
³*HPHLQVFKDIWVNUDQNHQKDXV+DYHOK|KH´LQ%HUOLQDQGFRQWUROVRIHTXDO
DJH JHQGHU DQG VRFLRHFRQRPLF FODVV SDUWLFLSDWHG LQ WKLV VWXG\ 6XEMHFWV
FRPSOHWHGWKHDSSURYHG*HUPDQYHUVLRQVRIWKH:HQGHU8WDK5DWLQJ6FDOH
:856 D UHWURVSHFWLYH  LWHP VHOIUHSRUW RI FKLOGKRRG $'+' DQG
WKH &RQQHUV¶$GXOW$'+'5DWLQJ 6FDOH &$$56 D  LWHP VHOIUHSRUW
TXHVWLRQQDLUH WR DVVHVV FXUUHQW V\PSWRPV RI$'+'1HXURSV\FKRORJLFDO
IXQFWLRQLQJZDVH[DPLQHGXVLQJ WKH&RQWLQXRXV3HUIRUPDQFH7HVW &37
3DUWLFLSDQWVZHUHUHTXLUHGWRSUHVVDEXWWRQZKHQDQ\OHWWHURWKHUWKDQ³;´















VFDOH´U S DQGWKH³'60,97RWDO$'+'VFDOH´U S
 EXWZDVQRWVLJQL¿FDQWO\FRUUHODWHGZLWKWKH³'60,9,QDWWHQWLRQ
VFDOH´
5HJDUGLQJ WKH&37 UHVXOWV QHLWKHU HUURUV RI RPLVVLRQ QRU HUURUV RI FRP
PLVVLRQFRQ¿UPHGDVWDWLVWLFDOO\VLJQL¿FDQWFRUUHODWLRQZLWK:856LWHPV
UHÀHFWLQJ LQDWWHQWLRQ RU LPSXOVLYLW\ 6LPLODUO\ QR VLJQL¿FDQW FRUUHODWLRQ
ZDVIRXQGEHWZHHQ&37YDULDEOHVDQGWKH&$$56³'60,9,QDWWHQWLRQ´
RU³+\SHUDFWLYH,PSXOVLYH´VFDOHV


















2EMHFWLYHV (YHQWUHODWHG SRWHQWLDOV (53V DQG H[SORUDWRU\ H\H PRYH
PHQWV((0VKDYHEHHQXVHGDVDSUDFWLFDOSV\FKRSK\VLRORJLFDOPDUNHU
WRLQYHVWLJDWHLQIRUPDWLRQSURFHVVLQJ3DUNLQVRQ¶VGLVHDVH3'LVDFKURQLF





























&RQFOXVLRQV7KHVH UHVXOWV LQGLFDWH WKDW SDWLHQWVZLWK 3DUNLQVRQ GLVHDVHV
DUH OLNHO\ WR KDYH FRJQLWLYH G\VIXQFWLRQ DQG WKDW (53V DQG ((0V DUH D






















%DFNJURXQG 5HSHWLWLYH WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ U706 KDYH











LQJZDV DVVHVVHG E\ WKH &ORFN'UDZLQJ7HVW VHYHULW\ RI GHSUHVVLRQZDV
PHDVXUHGE\WKH+DPLOWRQLWHPV'HSUHVVLRQ5DWLQJ6FDOH+$0'
5HVXOWV 3DWLHQW ,/  \HDUV ROG ZRPDQ ZKR KDV EHHQ VXIIHULQJ IURP
PDMRUGHSUHVVLRQIRUWKHODVW\HDUV7KHPDLQV\PSWRPVDWWKHDGPLVVLRQ
ZHUH GHSUHVVLYH PRRG SV\FKRPRWRU UHWDUGDWLRQ DQ[LHW\ ODFN RI HQHUJ\
DQGVSHHFKGLI¿FXOWLHV7KHFRQWDFWZDVGLI¿FXOW3UHYLRXVO\WKHSDWLHQWKDV
EHHQWUHDWHGXQVXFFHVVIXOO\ZLWKWKHFRPELQDWLRQRIVHUWUDOLQHPJGD\





























0HWKRGV 7KH &DPEHUZHOO$VVHVVPHQW RI 1HHG &$1 ZDV PRGL¿HG WR









&RQFOXVLRQV 7KH LQSDWLHQW SURJUDP LV HIIHFWLYH LQ PHHWLQJ SV\FKLDWULF



















































DQG TXDOLW\ RI OLIH LQ HSLGHPLRORJLFDOO\ UHSUHVHQWDWLYH VDPSOH RI SDWLHQWV
ZLWKSV\FKRVLV$FWD3V\FKLDWULFD6FDQGDQDYLFD
/DVDOYLD$5XJJHUL00D]]L0$HWDO7KHSHUFHSWLRQRIQHHGV




















RSHQ GHVLJQ0RRG FKDQJHVZHUH DVVHVVHG E\ WKH 3UR¿OH RI0RRG 6FDOH
3206 FRJQLWLYH IXQFWLRQV ZHUH DVVHVVHG E\ WKH 'LJLW 6\PERO '6
7HVW4XDOLW\RIOLIHZDVGHWHUPLQHGE\4XHVWLRQQDLUHIRU3HUVRQVZLWK*+
'H¿FLHQF\+RUPRQH FRQFHQWUDWLRQV LQ EORRGZHUHPHDVXUHGE\ UDGLRLP
PXQRDVVD\5,$PHWKRG
5HVXOWV 0RRG DQG RQ FRJQLWLYH SHUIRUPDQFH LPSURYHG DIWHU  PRQWKV
RI *+ UHSODFHPHQW WKHUDS\ ,PSURYHPHQW ZDV VWDWLVWLFDOO\ VLJQL¿FDQW RQ
3206 *OREDO VFRUH  YV  S  DQG RQ 3206 &RQIX
VLRQ%HZLOGHUPHQW VXEVFDOH  YV S  DVZHOO DV RQ





















2EMHFWLYHV$FFXPXODWLQJ HYLGHQFH VXJJHVWV WKDW QHXUROHSWLFV PD\ KDYH
GHWULPHQWDOHIIHFWVRQPLWRFKRQGULDDQGPD\DOWHUPLWRFKRQGULDOR[LGDWLYH
SKRVSKRU\ODWLRQLQYLWURDQGLQYLYR,WZDVVKRZQWKDWQHXUROHSWLFVLQKLELW




FHOOGHDWK SDWKZD\V7KH DLP RI WKH VWXG\ZDV WR GHWHUPLQHZKHWKHU WKH
FODVVLFQHXUROHSWLFFKORUSURPD]LQHPD\LQGXFHDSRSWRVLV
0HWKRGV$IWHU GLIIHUHQWLDWLRQ RI 3& SKDHRFKURPRF\WRPD FHOOV IRU 
GD\VFHOOVZHUH LQFXEDWHGZLWKYDU\LQJFRQFHQWUDWLRQVRIFKORUSURPD]LQH
UDQJLQJIURP0WR0RYHUKRXUV,QVLWXHQGODEHOLQJZLWKEUR







UHYHDOHG QXFOHDU '1$ IUDJPHQWDWLRQ DQG H[SUHVVLRQ RI WUDQVJOXWDPLQDVH
DW ERWK  0 DQG  0 7UDQVPLVVLRQ HOHFWURQ PLFURVFRSLF DQDO\VLV







































ZDV QR DGGLWLRQDOPXWDWLRQ DW  DQG QRPLWRFKRQGULDO'1$GHOHWLRQV
ZHUHGHWHFWHG
&RQFOXVLRQV7KHFDVHUHSRUWHGRQKHUHGHVFULEHVIRUWKH¿UVWWLPHWKHFOLQL
FDO SKHQRW\SH RI ELODWHUDO YLVXDO ORVV FRJQLWLYH LPSDLUPHQW DQGPXOWLSOH














,QWURGXFWLRQ (YHQWUHODWH SRWHQWLDOV (53V DQG H[SORUDWRU\ H\H PRYH
PHQWV ((0V KDYH EHHQ VWXGLHG WR HYDOXDWH FRJQLWLYH IXQFWLRQ SV\FKR
SK\VLRORJLFDOO\LQSDWLHQWVZLWKPHQWDOGLVRUGHUVVXFKDVVFKL]RSKUHQLDDQG











UHFRUGHU$OO VXEMHFWVZHUH LQVWUXFWHG WR JD]H WKH VDPHEDE\SKRWRJUDSKV
GHVFULEHG DERYH 7KH JD]LQJ SRLQW ZDV GHWHUPLQHG IURP D JD]LQJ WLPH
H[FHHGLQJV((0VZDVDQDO\]HGIRUWRWDOH\HVFDQQLQJOHQJWK7(6/
7KUHHZD\ DQG WZRZD\$129$ZHUH SHUIRUPHG IRU VWDWLVWLFDO DQDO\VLV
)LVKHU3/6'ZDVXVHGDVDSRVWKRF WHVW WRHVWLPDWHVLJQL¿FDQFH 




WKH3 DPSOLWXGHZDV WKH VDPHZKHQ YLHZLQJ D VPLOLQJ EDE\ DVZKHQ
YLHZLQJDFU\LQJEDE\7KH3ODWHQF\LQSDWLHQWVIRUWKHERWKDIIHFWLYH







LPSDLUPHQW DQG WKDW (53V DQG ((0V DUH D ELRORJLFDO PDUNHU XVHIXO IRU
HYDOXDWLRQRISDWLHQWVZLWK6$67KHVHGLIIHUHQFHVRI WKHHIIHFWVRI IDFLDO






























PHQWV ((0V KDYH EHHQ VWXGLHG DV D ELRORJLF PDUNHU RI LQIRUPDWLRQ





LQ  SDWLHQWV DQG  DJHPDWFKHG KHDOWK\ VXEMHFWV7KH 3 DPSOLWXGH
DQG ODWHQF\ DV ZHOO DV WKH VXEMHFW¶V UHDFWLRQ WLPH ZHUH UHFRUGHG ((0V
ZHUHUHFRUGHGXVLQJDQH\HPDUNUHFRUGHU$OOVXEMHFWVZHUHLQVWUXFWHGWR
JD]HWKHVDPHEDE\SKRWRJUDSKVGHVFULEHGDERYH((0VZHUHDQDO\]HGIRU





5HVXOWV ,QKHDOWK\FRQWUROV WKH3DPSOLWXGHZKHQYLHZLQJD VPLOLQJ
EDE\ZDV VPDOOHU WKDQ WKDWZKHQ YLHZLQJ D FU\LQJ EDE\+RZHYHU WKHUH
ZDV QR GLIIHUHQFH EHWZHHQ WKH VPLOLQJ EDE\ DQG FU\LQJ EDE\ LQ SDWLHQWV
7KH3ODWHQF\LQSDWLHQWVZDVVLJQL¿FDQWO\ORQJHUWKDQWKRVHLQKHDOWK\
FRQWUROV IRU WKH ERWK IDFLDO VWLPXOL 3DWLHQWV VKRZHG VKRUWHU 7(6/ WKDQ
KHDOWK\FRQWUROVGLG,QSDWLHQWVWKHUHZDVQRVLJQL¿FDQWGLIIHUHQFHLQ7(6/




G\VIXQFWLRQ DQG WKDW (53V DQG ((0V DUH XVHIXO ELRORJLFDO PDUNHUV IRU































H[HFXWLYH IXQFWLRQVDVFRPSDUHG WRFRQWUROV LQGLFDWLQJH[LVWLQJFRJQLWLYH




&RQFOXVLRQV 7KH HQGXULQJ GH¿FLWV RQ H[HFXWLRQ IXQFWLRQV DWWHQWLRQ






:HDUGHQ$$SSOHE\/ &RJQLWLYH SHUIRUPDQFH DQG FRPSODLQWV RI











2EMHFWLYHV %UDLQGHULYHG 1HXURWURSKLF )DFWRU %'1) KDV EHHQ LPSOL
FDWHGLQFRJQLWLYHIXQFWLRQV5HFHQWVWXGLHVVKRZHGDQDVVRFLDWLRQEHWZHHQ







LQFOXGHG:LVFRQVLQ &DUG 6RUWLQJ 7HVW 7UDLO 0DNLQJ 7HVW 6WURRS &RORU
































EHIRUH 2+'$ DGPLQLVWUDWLRQ 7KH DQLPDOV ZHUH LQMHFWHG RQFH RU RQ
WZRFRQVHFXWLYHGD\VDQGZHUHDOORZHGWRVXUYLYHIRUKRUGD\VDIWHU
WKH ¿UVW LQMHFWLRQ UHVSHFWLYHO\&RQWURO UDWV UHFHLYHG WKH VDPH YROXPH RI




























RQH VHVVLRQSHUZHHN%HIRUHDQGDIWHU WKH WKHUDSHXWLFSHULRGRIZHHNV
GXUDWLRQ D ZKROHQLJKW SRO\VRPQRJUDSK\ ZDV GRQH 7KH WKHUDSHXWLF HI






SURORQJHG WKH VOHHS ODWHQF\ 6/ZDV VKRUWHQHG DQG WKH VOHHS HI¿FLHQF\
6(ZDVLQFUHDVHG:KLOHDVLJQL¿FDQWLPSURYHPHQWFRXOGEHVHHQLQERWK
VXEJURXSVDQDO\VLVRIYDULDQFHFRQ¿UPHGD IXUWKHUPRUH LPSURYHPHQW LQ
WKHVXEJURXSZKHUHK\SQRWLFVZHUHGLVFRQWLQXHGLQWKHFRXUVHRI&%7










2EMHFWLYHV :H HYDOXDWHG WKH GLIIHUHQFH LQ FRJQLWLYH IXQFWLRQ EHWZHHQ
HVWURJHQ XVHUV DQG HVWURJHQ QRQXVHUV LQ QRQGHPHQWHG SRVWPHQRSDXVDO
ZRPHQ
0HWKRGV  HVWURJHQ XVHU DQG  QRQXVHU SDUWLFLSDWHG 7KH\ ZHUH DOO
PHQRSDXVDODQGQRQGHPHQWHG7RHYDOXDWHWKHFRJQLWLYHIXQFWLRQZHXVHG
WKH .%17%RVWRQ 1DPLQJ 7HVW .RUHDQ YHUVLRQ VLPLODULW\ WHVW RI .
:$,6:HFKVOHU$GXOW ,QWHOOLJHQFH6FDOH.RUHDQ YHUVLRQ 6576HOHFWLYH
5HPLQGLQJ7HVW








+DVNHOO 6* 5LFKDUGVRQ (' 7KH HIIHFW RI UDOR[LIHQH RQ FRJQLWLYH
IXQFWLRQLQSRVWPHQRSDXVDOZRPHQDUDQGRPL]HGFOLQLFDOWULDO&RQQ0HG












:HZHQWRQ WRVWXG\ WKH UHODWLRQVKLSRI WKHSV\FKRORJLFDO IDFWRUVDQG WKH
HQGRFULQHSUR¿OHRIWKH6$56YLFWLPV
0HWKRGV 3DWLHQWV ZKR KDG UHFRYHUHG IURP 6$56 XQGHUZHQW HQGRFULQH
DQGSV\FKRORJLFDODVVHVVPHQWDWPRQWKVSRVWGLVFKDUJH7K\URLGIXQFWLRQ





































2EMHFWLYHV 7R FRUUHODWH SK\VLRORJLFDO DQG SV\FKRORJLFDO UHVSRQVHV WR
RGRXUVWLPXODWLRQ









DFHWDWHYDSRXUGLOXWHGDW/PLQDW& WKHSV\FKRPHWULF WHVW VFRUH
FRJQLWLYH RGRXU SHUFHSWLRQ ZDV DOVR FRQFHQWUDWLRQ GHSHQGHQW DQG LQ
FUHDVHGZLWKLQFUHDVLQJVWLPXOXVVWUHQJWKDWDOO,6,VH[FHSWWKHORZHVWYDOXH
V$W WKLV ,6, DGDSWDWLRQKDELWXDWLRQ LQWHUIHUHGZLWK WKH GRVHUHVSRQVH




&RQFOXVLRQV FRQWLQXRXV ROIDFWRU\ VWLPXODWLRQ UHVXOWV LQ D VKXWGRZQ RI
FRJQLWLYHSHUFHSWLRQZLWKDWLPHFRQVWDQWRIDURXQGVZKLOHWKHUHVSRQVH















HSLOHSV\ EXW WKH\ DUH RIWHQ SRRUO\ UHFRJQL]HG DQG LQDGHTXDWHO\ WUHDWHG
7KH\DUHPRUHOLNHO\WRRFFXULQSDWLHQWVZLWKFRPSOH[SDUWLDOVHL]XUHVDQG
OHIWVLGHGIRFL
3XUSRVH7R HYDOXDWH WUHDWPHQW DSSURDFKHV IRU GHSUHVVLRQ DQG DQ[LHW\ LQ
HSLOHSWLFSDWLHQWV
0DWHULDODQGPHWKRGV3UHVHQWDWLRQRI\HDUVROG IHPDOHSDWLHQW WUHDWHG
DW &OLQLF RI 3V\FKLDWU\ IRU GHSUHVVLYH DQG DQ[LHW\ VLPSWRPDWRORJ\ DS
SHDUHG DIWHU WUDXPDWLF HYHQW 'LIIHUHQWLDO GLDJQRVH ZDV HVWDEOLVKHG RQ
EDVHVRI,&'DQG'60,9)URP\HDUVKHLV WUHDWHGIRUFRPSOH[
SDUWLDO VHL]XUHV ZLWK VHFXQGDU JHQHUDOL]DWLRQ ((* UHFRUGLQJ GXULQJ WKH
SV\FKLDWU\KRVSLWDOWUHDWPHQWUHJLVWHUHGGLVFKDUJHVRIGHOWDZDYHVDFFHQWX
DWHG LQ OHIW KHPLVSKHUH3KDUPDFRORJLFDO WUHDWPHQWZDVZLWK DQWLHSLOHSWLF
FDUEDPD]HSLQDQWLGHSUHVVDQW665,VDQGDQ[LRO\WLFGUXJV$OVRSV\FKR
WKHUDS\ZDVFRQGXFWHG
'LVFXVVLRQ 7UHDWPHQW DSSURDFKHV IRU GHSUHVVLRQ DQG DQ[LHW\ LQ HSLOHS
WLF SDWLHQWV LQFOXGH SV\FKRWKHUDS\ UDWLRQDOL]DWLRQ RI DQWLHSLOHSWLF GUXJ
PHGLFDWLRQ DQWLGHSUHVVDQW DQG DQ[LRO\WLF GUXJV7KH WULF\FOLF DQG UHODWHG
DQWLGHSUHVVDQWVDSSHDUWREHHSLOHSWRJHQLFHVSHFLDOO\LQSHRSOHDWKLJKULVN
6HOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV 665,V DUH FRQVLGHUHG ¿UVWOLQH
WUHDWPHQWV 6RPH DQWLFRQYXOVDQWV YDOSURDWH FDUEDPD]HSLQH ODPRWULJLQH
JDEDSHQWLQKDYHGHPRQVWUDWHGPRRGLPSURYHPHQWLQHSLOHSV\SDWLHQWV




























'LVFXVVLRQ 0RUH VWXGLHV UHIHU LQFUHDVHG WKHWD DQG GHFUHDVHG EHWD ((*























0HWKRGV 73+$& SRO\PRUSKLVP ZDV DQDO\VHG LQ D VDPSOH RI 
SV\FKLDWULFSDWLHQWVDQGKHDOWK\FRQWUROV





























5HPHURQ 6RO7DE LQ WKH PDQDJHPHQW RI GHSUHVVLRQ LQ WKH SV\FKLDWULF
SUDFWLFHLQ6ZLW]HUODQG
7KH VWXG\ ZDV DQ RSHQ PXOWLFHQWUH SURVSHFWLYH REVHUYDWLRQDO VWXG\ RI
ZHHNVGXUDWLRQ3DWLHQWVPDOHDQGIHPDOHSDWLHQWV!\HDUVROGZLWK










PRVW VHYHUH SDWLHQWV WKH UHVSRQVHZDV VLJQL¿FDQWO\ ODUJHU S WKDQ
LQ WKH PLOGHU FDVHV 6\PSWRPV RI DQ[LHW\ DQG LQVRPQLD UHJUHVVHG HDUO\
OLQHDUO\ DQG KLJKO\ VLJQL¿FDQWO\ S 7KH LPSURYHPHQW RI DQ[LHW\

























VWDUW RI PRQRWUHDWPHQW ZLWK RO] 3DWLHQWV ZHUH UDQGRPL]HG WR RO]3(3












FOLQLFDOO\ VLJQL¿FDQWGLIIHUHQFHV LQ DQ\RI WKH ODERUDWRU\SDUDPHWHUVRU LQ
DNDWLVLDZHUHREVHUYHG











%DFNJURXQG 7KLV ,WDOLDQ REVHUYDWLRQDO VWXG\ ZDV DLPHG DW HYDOXDWLQJ
SDWWHUQV RI DJJUHVVLRQ LQ SDWLHQWV VWUDWL¿HG E\ VRFLRGHPRJUDSKLF DQG
GLDJQRVWLFYDULDEOHV
0HWKRGV 3DWLHQWV DGPLWWHG WR ,WDOLDQ $FXWH +RVSLWDO 3V\FKLDWULF :DUG
$+3:LQDPRQWKVSHULRGZHUHIROORZHGXQWLOGLVFKDUJH$VVHVVPHQWV
ZHUHSHUIRUPHGDWDGPLVVLRQLQWKH¿UVWGD\VDQGDWGLVFKDUJH3V\FKR
PHWULF VFDOHV LQFOXGHG WKH%ULHI3V\FKLDWULF5DWLQJ6FDOH %356YHUVLRQ







DQG RFFXSLHG RIZKRPZHUH HPSOR\HH7KHPRVW RI WKHVH
SDWLHQV OLYHGZLWK SDUHQWDO IDPLO\ ZKLOH  OLYHGZLWK SDUWQHU
DQGRUVRQVDQGOLYHGDORQH
5HJDUGLQJ DOFRKRO DEXVH  ZHUH DOFRKRODEXVHUV ZKLOH  ZHUH
GHSHQGHQW %ZHUH VPRNHUV DQG ZHUH GUXJ GHSHQGDQW 
RFFDVLRQDOGUXJXVHUVDQGZHUHH[GUXJDEXVHUV







7ZHQW\VL[ SHUFHQW RI SDWLHQWV VKRZHG VXLFLGH LGHDWLRQ RU DWWHPSW DQG
RISDWLHQWVZHUHDGPLWWHGEHFDXVHRIWUHDWPHQWQRQFRPSOLDQFH
















RI DJJUHVVLRQ LQ SDWLHQWV VWUDWL¿HG E\ VRFLRGHPRJUDSKLF DQG GLDJQRVWLF
YDULDEOHV
0HWKRGV 3DWLHQWV DGPLWWHG WR ,WDOLDQ $FXWH +RVSLWDO 3V\FKLDWULF :DUG
$+3:LQDPRQWKVSHULRGZHUHIROORZHGXQWLOGLVFKDUJH$VVHVVPHQWV
ZHUHSHUIRUPHGDWDGPLVVLRQLQWKH¿UVWGD\VDQGDWGLVFKDUJH3V\FKR










HQWU\ZDV  RIZKRPXVHG D FRPELQHGGUXJ WKHUDS\
 XVHG EHQ]RGLD]HSLQHV  DQ DW\SLFDO DQWLSV\FKRWLF  D
W\SLFDO DQWLSV\FKRWLF  DQ DQWLGHSUHVVDQW DQG  D KXPRU VWDEL
OL]HU$OPRVWRQHKDOIRISDWLHQWVSHUIRUPHGDQRQSKDUPDFRORJLFDO
WUHDWPHQW  RI ZKRP LQGLYLGXDO RXWSDWLHQW YLVLWV  LQGLYLGXDO
SV\FKRWKHUDS\UHKDELOLWDWLRQWKHUDS\DQGJURXSWKHUDS\
'XULQJKRVSLWDOL]DWLRQSDWLHQWVUHFHLYHGGUXJWKHUDS\
RI ZKRP XVHG D FRPELQHG GUXJ WKHUDS\  XVHG EHQ]RGLD]HSLQHV
DQDW\SLFDODQWLSV\FKRWLFD W\SLFDODQWLSV\FKRWLFDQ
DQWLGHSUHVVDQWDQGDKXPRUVWDELOL]HU0RUHWKDQRQHKDOIRISDWLHQWV










&RQFOXVLRQV 7KH YDVW PDMRULW\ RI SDWLHQWV DGPLWWHG WR$+3: UHFHLYHG
D WUHDWPHQW EHIRUH DGPLVVLRQ 'XULQJ KRVSLWDOLVDWLRQ DOPRVW DOO RI WKHP
UHFHLYHG SKDUPDFRORJLFDO WKHUDS\ PDLQO\ FRQVWLWXWHG E\ PRUH WKDQ RQH

































&RQFOXVLRQV&KURQLFSV\FKRVRFLDO VWUHVV LQGXFHV DQKHGRQLD DQGPRWLYD
WLRQDOGH¿FLWVLQUDWV7KHVHHIIHFWVDUHUHYHUVLEOHE\DQWLGHSUHVVDQW665,
WUHDWPHQW6LQFHDQKHGRQLDLVRQHRIWKHFRUHV\PSWRPVRIGHSUHVVLRQRXU














,W LV LQWHUHVWLQJ WR HYDOXDWH WKHHIIHFWRI FKURQLFYDULDEOH VWUHVV &96RQ




















WKDW LV EDVLF VWDJH LQ LQIRUPDWLRQ SURFHVVLQJ OHDG WRPHPRU\ GLVWXUEDQFH
*UHHQDQGVXEVHTXHQWO\DIIHFWKLJKHURUGHUFRJQLWLYHIXQFWLRQVXFK

















DERYH ORZDYHUDJHDQGRI ORZIXQFWLRQJURXSZDVXQGHU XQGHUERU
GHUOLQH6HYHQW\PDOHIHPDOHORZIXQFWLRQJURXSDJH0 
6' ZDVFRPSDUHGZLWK¿IW\WZRIHPDOHPDOHKLJKIXQFWLRQ








































































GHYHORSPHQW RU QHXURSV\FKLDWULF GLVHDVHV 7KH SUHVHQW LQYHVWLJDWLRQ ZDV
XQGHUWDNHQWRH[DPLQHZKHWKHUWKHUHLVDQDEQRUPDOLW\LQWKHEUDLQ*6.
LQERWKSURWHLQOHYHOVDQGHQ]\PHDFWLYLW\RIVXLFLGHYLFWLPV








DV WKH OLWKLXPLQKLELWDEOH SKRVSKRU\ODWLRQ DFWLYLW\ RI D VSHFL¿F *6.
VXEVWUDWHDQGH[SUHVVHGLQSHUFHQWRILQKLELWLRQ










&RQFOXVLRQV2XU VWXG\GRHVQRW VXSSRUW D UROHRI*6. LQ WKHSDWKR
SK\VLRORJ\RIVXLFLGHQRUDQLQÀXHQFHRI30,DJHRUJHQGHURQ*6.
OHYHOVRUDFWLYLW\7KHUHDUHPXOWLSOHUHDVRQVIRUWKHVHQHJDWLYHUHVXOWV:H
GLG QRW WDNHQ LQWR DFFRXQW RI WKH DQWHPRUWHP GLDJQRVLV RI VXEMHFWV OLNH
















GHSLFWHG DV GRPLQDWHG E\ VXSHUVWLWLRQ DQG VRUFHU\ ,Q WKDW VDPH SHULRG
KRZHYHU LQ WKH ¿HOG RI SV\FKLDWU\ LWVHOI VWUDQJH XQVFLHQWL¿F LGHDVZHUH
SUHYDOHQW$XWLVPZDVWKRXJKWWREHFDXVHGE\FROGµUHIULJHUDWRU¶PRWKHUV
6FKL]RSKUHQLD UHVXOWHG IURP SDWKRJHQLF FRPPXQLFDWLRQ SURFHVVHV ZLWKLQ
IDPLOLHV DQG VHYHUDO RWKHUV VXSHUVWLWLRXV LGHDV ZHUH SRSXODU 7KHUH ZDV
D VWURQJ WHQGHQF\ WR SURMHFW SULPLWLYH DWWLWXGHV LQ SDVW FHQWXULHV ,Q WKLV
SUHVHQWDWLRQPRGHUQFRQFHSWXDOLVDWLRQLVFRQIURQWHGZLWKGDWDIURPSULPDU\
VRXUFHV
0HWKRGV 3RVWZDU GHVFULSWLRQV DQG FRQFHSWV RI SXEOLF DWWLWXGH WRZDUGV
PHQWDOGLVRUGHUVLQHDUO\PRGHUQWLPHVLQWKHORZFRXQWULHVDUHRSSRVHGWR
PDWHULDOIURPOHJDOVRXUFHVSHQDOODZDQGFLYLOOHJLVODWLRQ7KHVRYHUHLJQ





DQG PHQWDO UHWDUGDWLRQ ZHUH JUDQWHG SDUGRQ E\ WKH (PSHURU LQ FDVHV RI
PDMRUFULPHV ,Q WKHFLYLO OHJLVODWLRQPHQWDOO\GLVRUGHUHGSHRSOHZHUHDF
NQRZOHGJHGDQGWDNHQFDUHRI
&RQFOXVLRQV 0HQWDO GLVRUGHUV ZHUH UHFRJQLVHG DV LOOQHVVHV LQ WKH HDUO\















IURP D FRPRUELG GUXJ RU DOFRKRO XVH GLVRUGHU YDULHV WUHPHQGRXVO\ IURP

0HWKRGV 7KH DLP RI RXU VWXG\ ZDV DVVHVVLQJ WKH DVVRFLDWLRQ RI QDWXUH
DQG VHYHULW\ RI VXEVWDQFH DEXVHZLWK GHPRJUDSKLFV GLDJQRVLV KLVWRU\ RI










&RQFOXVLRQV 7KH ¿QGLQJV VKRZ WKDW HQYLURQPHQWDO IDFWRUV PD\ EH LP
SRUWDQW GHWHUPLQDQWV RI VXEVWDQFH DEXVH DPRQJ VFKL]RSKUHQLFVSHFWUXP
SDWLHQWV DQG WKDW FOLQLFDO GLIIHUHQFHV UHODWHG WR DEXVH YDU\ ZLWK GLIIHUHQW
W\SHVRIGUXJV
5HIHUHQFHV
+DPEUHFKW0 +DIQHU +  &DQDELV YXOQHUDELOLW\ DQG WKH RQVHW RI
VFKL]RSKUHQLD DQ HSLGHPLRORJLFDO SHUVSHWLYH $XVW 1 = 3V\FKLDWU\ 


















6HURWRQLQ 5HXSWDNH ,QKLELWRU 665, &LWDORSUDP Q     IHPDOH 
PDOHPHDQ DJH  \HDUV RUZLWK WKH 6HOHFWLYH1RUDGUHQDOLQ5H
XSWDNH,QKLELWRU615,5HER[HWLQHQ IHPDOHPDOHPHDQDJH













&RQFOXVLRQV$V D ORZ ,'$3 LV DVVRFLDWHG ZLWK D IDYRUDEOH UHVSRQVH WR
615,WUHDWPHQWDQGDKLJK,'$3ZLWKDIDYRUDEOHUHVSRQVHWR665,WUHDW
PHQW LQPDMRUGHSUHVVLRQ WKLVDSSURDFKPD\SURYLGHDQHDVLO\DSSOLFDEOH





















%DFNJURXQG ,QFUHDVLQJ DPRXQWV RI GDWD VXJJHVW WKDW DIIHFWLYH GLVRUGHUV
PLJKW EH UHODWHG WR G\VUHJXODWLRQ RI WKH K\SRWKDODPLFSLWXLWDU\DGUHQDO















ERWK S   DQG613*&&5E ERWK S  7KHPDMRU KDSORW\SH
GH¿QHG E\ DOOHOHV 7B*B*B$B7 IRU WKH *&&5 613V *&&5B*&&5DB
*&&5EB*&&5B*&&5ZDVRQO\ VLJQL¿FDQW LQ WKH%HOJLDQ VDPSOH S
 






































GXULQJ WKH  VHQGV WR RXU FRXQWU\ QHDU  ELOOLRQ GROODUV DQG IRU WKH
VHQGXSWRELOOLRQWKDWLVWRVD\WKHLQFRPHWKDW0H[LFRE\FRQFHSW
RI UHPLWWDQFHV RI0H[LFDQZRUNHUV LQ WKH8QLWHG 6WDWHV UHFHLYHV DOUHDG\
UHDFKHGIURPZKLFK LW UHFHLYHV WKHFRXQWU\E\FRQFHSWRISHWUROHXP
VDOH,QDGGLWLRQRQHRIHDFK0H[LFDQKRPHVREWDLQVRIHFRQRPLF
UHVRXUFHVIURPZKLFKWKH\UHFHLYHIURPKLVUHVLGHQWUHODWLYHVLQ(8,QVSLWH
RI WKH LPSRUWDQFHRI WKHZRUNDQGSURGXFWLYLW\RI WKH0H[LFDQPLJUDQWH
WKLV RQH SUDFWLFDOO\ LV VLQJOH EHIRUH WKH ULVN RI VLFNHQLQJ RU RI G\LQJ IDU
IURPKLVIDPLO\DQGSODFHRIRULJLQ$SSDUHQWO\WKHVHULVNVGHULYHIURPWKH
FXOWXUDO VKRFNZKLFK WKH\ IDFH WKDW LQFOXGHV WKH GHYHORSPHQW RI REHVLW\
GLDEHWHVDQGK\SHUWHQVLRQDVZHOODV WKHSUDFWLFHRI WKHVH[XDOLW\ZLWKRXW
SURWHFWLRQ DQG WKH GLYHUVH GUXJ FRQVXPSWLRQ WKDW LV FRQVHTXHQFH RI 
RIUHJLVWHUHGFDVHVRI$,'6LQWHPSRUDU\ZRUNHUVZKHQWKH\UHWXUQWRWKH
FRXQWU\$OWKRXJKWKHH[DFWQXPEHURIXQGRFXPHQWHGZRUNHUVLVQRWNQRZQ







WKH 3V\FKLDWULF+RVSLWDO )UD\%HUQDUGLQR WKH$OYDUH] DQGZKR VKRZ OLNH
PDLQSUREOHPRIKHDOWKWKHPHQWDOXSKHDYDOVGHULYHGIURPWKHFRQVXPSWLRQ
RIGUXJVRUE\SVLFyWLFREXG)RUVXFKHIIHFWWKHGDWDRIWKRVHSDWLHQWVZHUH











 *DUFLµD %HUQDO &ULVWyEDO ÄWKH LQGLFDWLYH RQH SURSRVHV WR GHQ\ WR XQ
GRFXPHQWHG VHUYLFHV RI KHDOWK DQG HGXFDWLRQ ,W UHSUREDWHV WKH JRYHUQRU
RI SURSRVH$UL]RQD DQG LW GHVFULEHV LW DV5DFLVWD³0H[LFR
7KH'D\
&21$32OVWHVWLPRQLRVKWPO

















































0D[LPDYDULDELOLW\ DQG DQ HUURU RI  WKDW VKH UHTXLUHGRI  FDVHV WR
VWXG\,QRUGHUWRVHOHFWWKHFDVHVWKHVDPSOLQJVWUDWL¿HGXVLQJWKHWHQ¿UVW
FDXVHVRISV\FKLDWULFPRUELGLW\SHUPRQWKGXULQJ\HDUZDVXVHG7KH






DQG SDUDPHWULF VWDWLVWLF IRU RQH DQG PRUH VDPSOHV VLQFH LW LV GHVLUHG WR






























0HWKRGV &RQWLQJHQW RI WKH VWXG\   &$' SDWLHQWV DQG  KHDOWK\
VXEMHFWV $OO VXEMHFWV ZHUH LQYHVWLJDWHG E\ REMHFWLYH PHWKRGV VXFK DV
SRO\VRPQRJUDSK\ DQG FDUGLRYDVFXODU WHVWLQJ ELF\FOH HUJRPHWU\ DFWLYH




















































H\HPRYHPHQW VOHHS1R VHYHUH DGYHUVH HYHQWV DQ QR YROXQWDU\ GURSRXW
ZHUHUHFRUGHG












































ZDV WR H[DPLQH WKH IUHTXHQF\ RI VXLFLGDO RYHUGRVH ZLWK DQWLGHSUHVVDQWV
$'DQGQHXUROHSWLFV 1/ LQFOXGLQJ W\SLFDODQGDW\SLFDODQWLSV\FKRWLFV
DWWKHHPHUJHQF\GHSDUWPHQW('DQGWRDVVHVVWUDQVIHUGHVWLQDWLRQVDIWHU
GHWR[L¿FDWLRQ







5HVXOWV  SDWLHQWV ZHUH KRVSLWDOL]HG ZLWK VXLFLGDO LQWR[LFDWLRQV 
PRQRLQWR[LFDWLRQVDQGSRO\LQWR[LFDWLRQVZHUHKRVSLWDOL]HG 








RYHUGRVHV ZHUH VLJQL¿FDQWO\ PRUH RIWHQ WUDQVIHUUHG WKDQ SDWLHQWV ZLWK
%='  DQDOJHWLFV DQGGUXJVXVHG LQ LQWHUQDOPHGLFLQH 




&RQFOXVLRQV 665, LQWR[LFDWLRQV DUH UHPDUNDEO\ OHVV IUHTXHQW WKDQ 7&$
LQWR[LFDWLRQV GHVSLWH RI DSSUR[LPDWHO\ HTXDO SUHVFULSWLRQ IUHTXHQFLHV LQ






















\HDUV $/ ZDV PHDVXUHG XVLQJ WKH 6KDOOLQJ6LIQHRV 3HUVRQDOLW\ 6FDOH
5HYLVHG 66365 DQG '(35 XVLQJ WKH0RQWJRPHU\$VEHUJ 'HSUHVVLRQ
5DWLQJ 6FDOH 0$'56 6HUXP OLSLGV FRQFHQWUDWLRQV ZHUH GHWHUPLQHG
E\HQ]\PDWLFPHWKRGZLWKLQKRIKRVSLWDODGPLVVLRQ)RU WKHVWDWLVWLFDO
HYDOXDWLRQ6SHDUPDQ¶VUDQNFRUUHODWLRQFRHI¿FLHQWVZHUHXVHG
5HVXOWV 7KH PHDQ VHUXP OLSLG OHYHOV ZHUH WRWDO FKROHVWHURO 7&
 KLJKGHQVLW\ OLSRSURWHLQ FKROHVWHURO +'/&
ORZ GHQVLW\ OLSRSURWHLQ FKROHVWHURO /'/&  VHUXP WULJO\F




&RQFOXVLRQV7KH UHVXOWV RI WKLV VWXG\ VXJJHVW WKDW DOWKRXJK WKHUHZDV D




















ZLWKLQ WKH ODVW \HDUV IRUZKRPDW OHDVW RQH VXLFLGDO DWWHPSW KDV EHHQ
FLWHG
0HWKRGVSDWLHQWVWRRNSDUWLQWKLVVWXG\6HYHUDOGHPRJUDSKLFDQGFOLQL








&RQFOXVLRQV)URP WKH UHVXOWV LW VHHPV WKDW WKHSUR¿OHRI WKHSDWLHQWV DW
WKH0HQWDO+HDOWK&HQWHURI3HULVWHULZLWKDWOHDVWRQHVXLFLGDODWWHPSWLV
IHPDOH XQPDUULHGZLWK D HOHPHQWDU\ RU VHFRQGDU\ HGXFDWLRQ DQG D VOLJKW
SUHGRPLQDQFHLQWKRVHXQHPSOR\HGLQFRPSDULVRQWRWKRVHHPSOR\HG
&RQFHUQLQJ WKH GLDJQRVLV LW VHHPV WKDW WKH DQ[LHW\ DIIHFWLYH GLVRUGHUV










RXV SV\FKLDWULF DQG VRPDWLF GLVHDVHV 7KH DLP RI RXU SUHVHQW VWXG\ ZDV



















VOHHSUHODWHG EUHDWKLQJ GLVRUGHUV REVWUXFWLYH VQRULQJ *  VOHHS
DSQHD*
)HPDOH QRQRUJDQLF LQVRPQLD SDWLHQWVPRUH IUHTXHQWO\ VKRZHGPRRG GLV
RUGHUV DV FRPRUELG FRQGLWLRQV ZKHUHDV LQ PDOHV VOHHSUHODWHG EUHDWKLQJ
GLVRUGHUVSULPDU\VQRULQJSHULRGLFOLPEPRYHPHQWGLVRUGHUDQGSHUVRQDO
LW\GLVRUGHUVZHUHPRUHFRPPRQ+DUGO\DQ\GLIIHUHQFHVEHWZHHQWKHVH[HV


























RI SRO\VRPQRJUDSK\ DQG SV\FKRPHWULF PHDVXUHV 3DLQ SDUDPHWHUV ZHUH
GHWHUPLQHGE\PPYLVXDODQDORJXHVFDOHV9$6
5HVXOWV3DWLHQWVGHPRQVWUDWHGDQLQFUHDVHG3LWWVEXUJK6OHHS4XDOLW\,QGH[
364, D VOLJKWO\ GHFUHDVHG 4XDOLW\ RI /LIH ,QGH[ 4/, DQ LQFUHDVHG






DQG R[\JHQGHVDWXUDWLRQ LQGLFHVZHUH QRUPDOPLQLPDO R[\JHQ VDWXUDWLRQ










2EMHFWLYHV$Q LPEDODQFH RI WKH LPPXQH V\VWHP DQG PL[HG SHUVRQDOLW\
SUR¿OHV LQ VXLFLGH DWWHPSWHUV KDYH EHHQ UHSRUWHG$V VXLFLGDO EHKDYLRU LV





0HWKRGV:H VWXGLHG V,/5 OHYHOV LQ SODVPD DQG SHUVRQDOLW\ FKDUDFWHU
LVWLFV >XVLQJ&ORQLQJHUCV7HPSHUDPHQW DQG&KDUDFWHU ,QYHQWRU\ 7&,@ RI
IRUPHUO\GHSUHVVHGSDWLHQWVZKRKDGDWWHPSWHGVXLFLGHDPHDQRI\HDUV
SUHYLRXVO\1 DQGQRUPDOFRQWUROV1 
5HVXOWV 7KHUH ZDV QR VLJQL¿FDQW GLIIHUHQFH LQ V,/5 OHYHOV EHWZHHQ
IRUPHUO\ GHSUHVVHG DWWHPSWHG VXLFLGH SDWLHQWV DQG JHQGHUPDWFKHG DQG
DJHFRPSDUDEOHQRUPDOFRQWUROVQJPOYVQJPO
















WRULDO HWLRORJ\ ZKLFK FRPSULVH JHQHWLF YXOQHUDELOLW\ 5HFHQWO\ JLYHQ WKH
WHPSRUDO LQVWDELOLW\ RI GLDJQRVLV DQG LWV HWLRORJLFDO KHWHURJHQHLW\ PRUH
HPSKDVLVLVSXWRQPRUHVWDEOHSHUVRQDOLW\DQGQHXURELRORJLFDOWUDLWVZKLFK
PD\EHPRUHFORVHO\OLQNHGWRWKHJHQHWLFRULJLQVRIWKHGLVRUGHU3UHYLRXV









3HUVRQDOLW\ GLPHQVLRQV ZHUH DVVHVVHG ZLWK 7HPSHUDPHQW DQG &KDUDFWHU
,QYHQWRU\7&,$FOXVWHUDQDO\VLVRI$1SDWLHQWVZDVSHUIRUPHGZLWKXVH
RI WKH WKUHH WHPSHUDPHQW WUDLWV KDUPDYRLGDQFH UHZDUGGHSHQGHQFHDQG















SUR¿OH DQG LQ KHDOWK\ FRQWUROV 7KH$1 SKHQRW\SH UH¿QHGZLWK WKH WHP
SHUDPHQWDOGLPHQVLRQVPD\EHDPRUHVXLWDEOHREMHFWRIJHQHDVVRFLDWLRQ




















0HWKRGV 7KLV SUHVHQWDWLRQ ZLOO UHYLHZ WKH PHQWDO DQG SK\VLFDO KHDOWK









HYHU H[SHULHQFLQJ ,39 E\ DPDOH SDUWQHU DQG  HQGRUVHGPXOWLSOH DV
VDXOWLYHDFWVRIDEXVHGZRPHQPHWFXUUHQW376'GLDJQRVWLFFULWHULD
DQG DQ DGGLWLRQDO   ZHUH DVVHVVHG ZLWK VXEWKUHVKROG V\PSWRPV
3UHOLPLQDU\GDWDRQFRUWLVROQHXURSHSWLGH<DQGRWKHUDOWHUDWLRQVLQDQWH
ULRUFRQJXODWHFKHPLVWU\ZLOOEHGLVFXVVHG7KH OLWWOH WKDW LVNQRZQDERXW






&RQFOXVLRQV ,Q VXPPDU\ WKH VHULRXV KHDOWK HIIHFWV DVVRFLDWHGZLWK ,39
XQGHUVFRUHVWKHLPSRUWDQFHRILGHQWLI\LQJZRPHQZKRPD\EHDWULVN
5HIHUHQFHV





&KLOGKRRG 7UDXPD DQG 6XLFLGH $WWHPSWV LQ D &RPPXQLW\ 6DPSOH RI
:RPHQ
6HHGDW69LGHHQ-6.HQQHG\&6WHLQ0%VXEPLWWHGWR3V\FKLD











2EMHFWLYHV 6OHHS GLVRUGHUV DUH YHU\ FRPPRQ LQ WKH FOLQLFDO SUDFWLFH
,QVRPQLD LV D SKHQRPHQRQ WKDW EHORQJV WR SV\FKLDWULF JHQHUDO PHGLFDO






GLDJQRVLVRI LQVRPQLDDFFRUGLQJ WR ,&'FODVVL¿FDWLRQ&OLQLFDO*OREDO
,QVWUXPHQWV026VOHHSTXHVWLRQQDLUHPRQLWRULQJYLWDOVLJQVDQGDGYHUVH












DQG GHFOLQH RI WKH SUREOHP WR VWD\ DZDNH GXULQJ WKH GD\  IRU
]ROSLGHPDQGZLWKPLGD]RODP%RWKRIWKHVHK\SQRWLFVEHORQJWR




























2EMHFWLYHV 7KH YLVXDO GHWHFWLRQ RI VOHHS VSLQGOHV LQ SRO\VRPRQJUDSKLF
UHFRUGLQJVLVDWLPHFRQVXPLQJDQGWHGLRXVWDVNLQÀXHQFHGE\KLJKLQWUD








LQGHSHQGHQWO\ IRU WKH LGHQWL¿FDWLRQ RI VOHHS VSLQGOHV EDVHG RQ FRPPRQ
YLVXDOGHWHFWLRQFULWHULD.WRQDVHWDO7KH311ZDVWUDLQHGXVLQJ
EDQGSDVV¿OWHUHGVSLQGOHV7KHLQSXWWRWKHQHWZRUNZHUHVDPSOHIUDPHV
RI ¿OWHUHG((*YDOXHVZLWKRXW IXUWKHU IHDWXUH H[WUDFWLRQ$ WUXH SRVLWLYH
RFFXUUHGZKHQ WKH311 LQGLFDWHG D VSLQGOH DQG D VSLQGOH KDG DOVR EHHQ
YLVXDOO\GHWHFWHG7ZRFDWHJRULHVRI IDOVHSRVLWLYHVZHUH LQYHVWLJDWHG WKH
¿UVW)3LQFOXGHGIDOVHSRVLWLYHLQGLFDWLRQVE\WKH311ZKHQQRVSLQGOHV
ZHUHGHWHFWHGE\WKHVFRUHUV LQ WKHUHVSHFWLYH((*UHFRUGDQGWKHVHFRQG
)3 FRQFHUQHG WKH FDVH ZKHQ D YLVXDOO\ GHWHFWHG VSLQGOH FRUUHVSRQGHG








&RQFOXVLRQV 7KH GHWHFWLRQ RI VSLQGOHV LV SRVVLEOH XVLQJ 311V ZLWKRXW
WKHSULRUFRPSXWDWLRQRIDIHDWXUHYHFWRU)XUWKHUPRUHGXHWRWKHLQKHUHQW
%D\HVLDQFODVVL¿HUVWUXFWXUHRI WKH311 WKHUH LVQRQHHG WRFRPSXWHDQ\
WKUHVKROG LQ WKH RXWSXW YDOXHV RI WKH QHWZRUN7KLV VXJJHVWV WKDW VSLQGOH














6\VWHP XVLQJ 6XSSRUW 9HFWRU 0DFKLQHV 690 DQG 3UREDELOLVWLF 1HXUDO
1HWZRUNV 311´ FRIXQGHG E\  IURP WKH(XURSHDQ8QLRQ DQG 










2EMHFWLYHV ,QVRPQLD LV D ULVN IDFWRU IRU WKH RQVHW RI GHSUHVVLRQ UHODSVH








0HWKRGV 7KLV ZDV D SRROHG DQDO\VLV RI LQGLYLGXDO SDWLHQWV IURP UDQG




ZHHNV 7KH LQWHQWLRQ WR WUHDW ,77 SRSXODWLRQ FRQVLVWHG RIPLUWD]DSLQH
Q 665,VQ $WRWDORIVHSDUDWHWULDOVZLWKDYDLODEOH+$0
' IDFWRU VFRUHV ZHUH DQDO\]HG 6WDWLVWLFDO FRPSDULVRQV ZHUH PDGH XVLQJ
DQDO\VLVRIFRYDULDQFHDQGPHWDDQDO\VLVWHFKQLTXHVXVLQJ¿[HGDQGUDQGRP
HIIHFWVPRGHOV
5HVXOWV 0LUWD]DSLQH SURGXFHG VLJQL¿FDQW LPSURYHPHQWV LQ VOHHS IDFWRU
VFRUH DW DOO WLPH SRLQWV E\ ZHHN  PLUWD]DSLQH SDWLHQW¶V PHDQ FKDQJH





















 'HSUHVVLRQ VOHHS SK\VLRORJ\ DQG DQWLGHSUHVVDQW GUXJV 'HSUHVV
$Q[LHW\
:LQRNXU$'H0DUWLQLV1$0F1DOO\'3*DU\(0&RUPLHU-/*DU\














0HWKRGV7KH FKDUDFWHULVWLFV QDWXUH DQG VHYHULW\ RI SV\FKLDWULF GLVRUGHU
GHPRJUDSKLFFKDUDFWHULVWLFVSHUVRQDOLW\FKDUDFWHULVWLFVZHUHREVHUYHGDQG
FRPSDUHGDPRQJSV\FKLDWU\SDWLHQWVZLWKSDVWKLVWRU\RI VXLFLGHDWWHPSWV
1  DQG SV\FKLDWU\ SDWLHQWVZLWKRXW SUHYLRXV YLROHQW DFWV 1 $OO
SDWLHQWV ZHUH DVVHVVHG XVLQJ &OLQLFDO *OREDO ,PSUHVVLRQ &*, %356
+DPLOWRQGHSUHVVLRQVFDOH&DOJDU\'HSUHVVLRQ6FDOH3$166003,DQG
(\VHQFN3HUVRQDOLW\,QYHQWRU\
5HVXOWV 1R JHQGHU DQG DJH GLIIHUHQFHVZHUH IRXQG EXW WKRVH WKDW ZHUH
IRXQGWREHVLJQL¿FDQWLQFOXGHGLPSDLUHGVRFLDODQGRFFXSDWLRQDOIXQFWLRQ
LQJ GLDJQRVLV RI VFKL]RSKUHQLD VSHFWUXP GLVRUGHUVPRRG GLVRUGHU RU FR
PRUELGDIIHFWLYHGLVRUGHUÀRULGV\PSWRPVRISV\FKRVLVFXUUHQWRUOLIHWLPH































QROHQFHRI WKHPZHUH IRXQG WR IXO¿OO'60,9FULWHULDRISUHPHQVWUXDO







&RQFOXVLRQV (YDOXDWLRQ RI VOHHS SUR¿OH LQ ZRPHQ ZLWK SUHPHQVWUXDO
VOHHSFRPSODLQWV UHYHDOHGPDLQO\VOHHSFRQWLQXLW\GLVWXUEDQFHPDQLIHVWHG
































WKHPXWDWLRQDQG WKHGHJUHHRISDWKRORJ\VHYHULW\ LQ WKHDIIHFWHG UHJLRQV
RIWKHEUDLQ7KHPRVWVHYHUHPLWRFKRQGULDOG\VIXQFWLRQZDVSUHVHQWLQWKH
VPRRWKPXVFOHFHOOVRIWKHYDVFXODWXUHWKURXJKRXWWKHEUDLQ:HFRQFOXGH





















LQWHUYLHZHG XVLQJ WKH PLQLPXP GDWDVHW KRPHFDUH 0'6+& LQWHUYLHZ




5HVXOWV   SHRSOH DVVHVVHG KDG DW OHDVW RQH LQGLFDWRU RI DEXVH
,QGHSHQGHQW SUHGLFWRUV RI VFUHHQLQJ SRVLWLYH ZHUH VHYHULW\ RI FRJQLWLYH
LPSDLUPHQW GHSUHVVLRQ GHOXVLRQV RWKHU QHXURSV\FKLDWULF V\PSWRPV DQG
ZLWKH[SUHVVHGFRQÀLFWZLWKIDPLO\RUIULHQGVRUOLYLQJLQ,WDO\RU*HUPDQ\
EXWQRWZLWKKDYLQJDNQRZQSV\FKLDWULFGLDJQRVLV
&RQFOXVLRQV 6HYHULW\ RI FRJQLWLYH LPSDLUPHQW GHSUHVVLRQ DQG GHOXVLRQV
SUHGLFWHG VFUHHQLQJ SRVLWLYH IRU DEXVH LQ ROGHU DGXOWV EXW KDYLQJ DOUHDG\
KDGDSV\FKLDWULFGLDJQRVLVGLGQRW3HRSOHLQ,WDO\DQG*HUPDQ\ZHUHPRVW




















0HWKRGV7KLV LV D XQLTXH VDPSOH RI  SDWLHQWV IURP FHQWHUV 
ZRPHQELSRODU,XQLSRODUVFKL]RDIIHFWLYHFROOHFWHGIURP
 WR  3DWLHQWV ZHUH WUHDWHG RQO\ IRU DFXWH HSLVRGHV EXW KDG QRW











KLJKHU WKDQ WKH H[SHFWHG UDQGRPSURSRUWLRQ DQG VLJQL¿FDQWO\ KLJKHU WKDQ
SURSRUWLRQ RI SDWLHQWV ZKR GHYHORS D VHDVRQDO F\FOH DIWHU SUHYLRXV  
 ³XQVHDVRQDO´ F\FOHV  UHVSHFWLYHO\ ,Q SDWLHQWVZLWKRXW
¿UVW VHDVRQDO F\FOH WKH SURSRUWLRQ RI SDWLHQWV ZLWK VXEVHTXHQW VHDVRQDO
F\FOHVGRHVQRWH[FHHGH[SHFWHG2YHUDOOWKHPRVWIUHTXHQWPRQWKRI
RQVHWZDV -XQH 6LJQL¿FDQWO\PRUH VXEMHFWVZLWK VHDVRQDO YV XQVHDVRQDO
F\FOHV KDG RQVHW RI ¿UVW HSLVRGH LQ -XQH  YV  Ȥ  GI 
S 
&RQFOXVLRQV7KHUHLVDKLJKHUWKDQH[SHFWHGSURSRUWLRQRISDWLHQWV
ZLWK ¿UVW F\FOH OHQJWK LQ PXOWLSOHV RI  PRQWK0RUH WKDQ RQH WKLUG
RI WKHVH SDWLHQWV UHWDLQ SHULRGLFLW\ LQPXOWLSOHV RI PRQWK LQ VHYHUDO
VXEVHTXHQWF\FOHV2QWKHRWKHUKDQGWKHSURSRUWLRQRISDWLHQWVZKRGHYHORS











GHWR[L¿FDWLRQ DQG WR DFFHOHUDWH WKH ZLWKGUDZDO E\ DGPLQLVWHULQJ RSLRLG











QRQUHDFWLYH UHVSRQVH WR D QDOR[RQH FKDOOHQJH WHVW XQGHU DQDHVWKHVLD DQG
QRQUHDFWLYH UHVSRQVH WR QDOWUH[RQH SR EHIRUH VXEMHFWVZHUH GLVFKDUJHG
7KHUHDIWHUSDWLHQWVUHFHLYHGDPDLQWHQDQFHWUHDWPHQWZLWKQDOWUH[RQHVXS
SRUWHGE\FRXQVHOLQJYLVLWPRQWKO\WKURXJK$1'XULQJDPRQWKIROORZ
XS SHULRG SDWLHQWV ZHUHPRQWKO\ DVVHVVHG UHJDUGLQJ VHOIUHSRUWHG UHODSVH











&RQFOXVLRQV )RU SHUVRQV H[FOXVLYHO\ DGGLFWHG WR RSLRLGV WKH 852'























ZHUH GHWHUPLQHG ZLWK TXDQWLWDWLYH UHDO WLPH 3&5 PHWKRG $OO VXEMHFWV
VLJQHG DQ LQIRUPHG FRQVHQW IRUP DSSURYHG E\ WKH (WKLFDO &RPPLWWHH RI
8QLYHUVLW\RI7RNXVKLPD6FKRRORI0HGLFLQHEHIRUHDWWHQGLQJWKLVVWXG\
5HVXOWV7KHUHZHUHQR UHODWLRQVEHWZHHQ+77P51$ OHYHOV DQGHLWKHU
+$0'VFRUHRUSDUR[HWLQHFRQFHQWUDWLRQ+77P51$ OHYHOV LQ OHXNR
F\WHV ZHUH VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVLYH SDWLHQWV DW EDVHOLQH EHIRUH
PHGLFDWLRQWKDQLQFRQWUROVXEMHFWV3 +77P51$OHYHOVZHUH
GHFUHDVHG VLJQL¿FDQWO\ DIWHU ZHHNV RI SDUR[HWLQHPHGLFDWLRQ FRPSDUHG




+77P51$ LQSHULSKHUDO OHXNRF\WHVRIQRQ WUHDWHGGHSUHVVLYHSDWLHQWV
PD\ EH UHODWHGZLWK WKH SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG LWV UHGXFWLRQ
DIWHUWUHDWPHQWPD\UHÀHFWWKHDGDSWLYHFKDQJHLQGXFHGE\WKH665,
5HIHUHQFHV




/HVFK.3%DOOLQJ8*URVV - 6WUDXVV.:ROR]LQ%/0XUSK\'/ HW DO
 2UJDQL]DWLRQ RI WKH KXPDQ VHURWRQLQ WUDQVSRUWHU JHQH - 1HXUDO
7UDQVP*HQ6HFW














RFFXUULQJ GXULQJ RU VKRUWO\ DIWHU DOFRKRO ZLWKGUDZDO$SSUR[LPDWHO\ 
RISDWLHQWVKRVSLWDOL]HG IRU DOFRKROZLWKGUDZDOJRRQ WRGHYHORSGHOLULXP
WUHPHQV6HYHUDOGHFDGHVDJRWKHPRUWDOLW\UDWHIRUSDWLHQWVZLWKXQWUHDWHG
GHOLULXPWUHPHQVZDVHVWLPDWHGWREHDVKLJKDV0RUHUHFHQWHVWLPDWHV
UDQJH IURP  WR  WKH GHFUHDVH SUHVXPDEO\ GXH WR WKH DYDLODELOLW\ RI
VXSHULRU SKDUPDFRORJLFDO DQG VXSSRUWLYH PHDVXUHV )HXHUOHLQ DQG 5HLVHU







































IRU RUDO XVH LV SURGXFHGPDUNHWHG DQGZLGHO\ XVHG LQPHGLFDO SUDFWLFH
LQ5XVVLDDVDWUHDWPHQWIRUGUXJZLWKGUDZDO$QLPDOVWXGLHVUHYHDOHGWKDW
DQDU SRVVHVVHV WKH DQWLDQ[LRXV DQG DQWLGHSUHVVDQW HIIHFWV LQÀXHQFHV RQ
WKH ORQJWHUP PHPRU\ DQG WKH ZHDNHQLQJ RI WKH PRUSKLQH ZLWKGUDZDO
V\QGURPH





















&RQFOXVLRQV7KH XVH RI DQDU LQ WKH WKHUDS\ RI RSLDWH DGGLFWLRQ H[HUWV D
SRVLWLYH LQÀXHQFH RQ WKHZHDNHQLQJ RI SRVWZLWKGUDZDO GLVRUGHUV DQG RQ
WKH LQGLFHV RI WKH PDLQ KRPHRVWDWLF V\VWHPV LPPXQH QHXURWUDQVPLWWHU
KRUPRQDORIWKHERG\
5HIHUHQFHV














RI VWDQGDUGLVHG RUDO FDQQDELV H[WUDFW LQ D KRPRJHQRXV JURXS RI KHDOWK\
YROXQWHHUVXQGHUFRQWUROOHGFRQGLWLRQV
0HWKRGV 6L[WHHQKHDOWK\ IHPDOHV PHDQ DJH\HDUVZHUH UHFUXLWHG WR
SDUWLFLSDWH LQ WKLV UDQGRPL]HG GRXEOHEOLQG DFWLYH SODFHERFRQWUROOHG
VLQJOHGRVHZD\FURVVRYHUVWXG\&DSVXOHVFRQWDLQLQJFDQQDELVH[WUDFW
VWDQGDUGLVHGRQLWV¨WHWUDK\GURFDQQDELQRO7+&PJ7+&HDFKDQG












KRXUVZKLOH DOO RWKHU YROXQWHHUV VFRUHGRQO\ LQ WRWDO VFRUH DQG VXEVFRUH

























 VXEMHFWV UHFHLYLQJ WRSLUDPDWH IRU RWKHU UHDVRQV 3UHFHGLQJ WRSLUDPDWH




DEVWLQHQW DQG WZRPRUH VXEMHFWV KDG UHGXFHG WKHLU FLJDUHWWH FRQVXPSWLRQ
IRUPRUHWKDQ:LWKWKHH[FHSWLRQRIRQHVXEMHFWDOOVPRNHUVZKRKDG
DFKLHYHG DEVWLQHQFH DWPRQWK  KDG SUHYLRXVO\ UHGXFHG WHPSRUDULO\ WKHLU
FLJDUHWWH FRQVXPSWLRQ EHIRUH GH¿QLWLYH FHVVDWLRQ 7KUHH PRUH VXEMHFWV
DFKLHYHGDPRPHQWDULO\UHGXFWLRQKDGKRZHYHUWRLQWHUUXSWWKHWUHDWPHQW
GXHWRLQWROHUDEOHVLGHHIIHFWV

















SKUHQLD LQ WKH RIIVSULQJ RI ZRPHQ H[SRVHG WR YLUDO LQIHFWLRQ GXULQJ WKH
VHFRQG WULPHVWHURISUHJQDQF\5HFHQW H[SHULPHQWDO VWXGLHVSRVWXODWH WKDW
DPDWHUQDO LPPXQH UHVSRQVH UHDFWLRQ RFFXUULQJ GXULQJ WKH FULWLFDO SHULRG
RI JHVWDWLRQ FDQ SHUWXUE IHWDO EUDLQ GHYHORSPHQW OHDGLQJ LQ WKH RIIVSULQJ
WR QHXURDQDWRPLFDO DQG EHKDYLRXUDO DEQRUPDOLWLHV FRQVLVWHQW ZLWK WKRVH





















HQFHG E\ LPPXQH DFWLYDWLRQ LQ SUHQDWDO SHULRG )XUWKHUPRUH LW UHPDLQV
























0HWKRGV5DWVZHUH UDQGRPO\GLYLGHG LQWRJURXSV Q Q Q DQG DOO
ZHUHJLYHQYHKLFOHRQWKH'D\RIWKHVWXG\PONJ7KHUHZHUHQRDS







5HVXOWV ,QJURXSQ UDWV VHQVLWL]HGZLWK0HWD VLJQL¿FDQWGHYHORSPHQW
RIVHQVLWL]DWLRQRFFXUUHGDIWHU0HWFKDOOHQJHGRVH7KHUHZDVQRVLJQL¿FDQW








FURVVVHQVLWL]DWLRQ E\ UHSHDWHG DSSOLFDWLRQ RI FDQQDELQRLG &% UHFHSWRU































EHHQ VLJQHG 8VLQJ D VWUXFWXUHG GUXJ FKHFN IRUP LQFOXGLQJ SK\VLFDO
H[DPLQDWLRQ DQG FRRUGLQDWLRQ DQG UHDFWLRQ WHVWV D SK\VLFLDQ GHFLGHG LI D
SDWLHQWZDV¿W WRGULYHRU LPSDLUHG$GGLWLRQDOO\ WKH¿WQHVV WRGULYHZDV






5HVXOWV %\ WR[LFRORJLF DQDO\VHV LQ  RI WKH FDVHV PRQRLQWR[LFDWLRQV


































>Q @RIVXEMHFWV>Q @>Q @PDOHVDQG>Q
 @IHPDOH¶VXVHGDEXVHGFDQQDELV7KHPHDQDJHDWRQVHWRILOOQHVVIRU
WKHPDOHVLV\HDUV7KLVLVVLJQL¿FDQWO\HDUOLHUWKDQWKDWRIPDOHZLWK











































WR LQWDFW:VW UDWV ,QWDFW$XJ UDWVZHUH DOVR OHVV DQ[LRXV WKDQ:VW RQHV
8QGHU&06$XJEXWQRW:VWUDWVGHPRQVWUDWHGWKHGHFUHDVHRIVHQVRULPRWRU


































0HWKRGV $ VDPSOH LQFOXGHG  QRQSV\FKRWLF VXEMHFWV  ZLWKRXW




DQG WHPSHUDPHQW TXHVWLRQQDLUHV (3, 003, 7&, 613V ZHUH DV
VD\HGXVLQJDQ$%,6QD3VKRWGG1733ULPHU([WHQWLRQNLW+DSORW\SHVZHUH
HVWLPDWHGZLWKWKH(+SURJUDP
5HVXOWV$OOHOHDQGJHQRW\SHGLVWULEXWLRQ LQ5XVVLDQVZHUHVLPLODU WR WKDW




























































2EMHFWLYHV6HYHUDO VWXGLHVKDYHGHPRQVWUDWHG WKDW UHSHWLWLYH WUDQVFUDQLDO
PDJQHWLFVWLPXODWLRQU706KDVPRGHUDWHDQWLGHSUHVVDQWHIIHFWV$OWKRXJK
WKHSUHFLVHPHFKDQLVPVRIDFWLRQRIU706DUHVWLOOXQNQRZQVHYHUDOOLQHV






UHVLVWDQW GHSUHVVLRQ SDUWLFLSDWHG LQ WKLV VWXG\$OO JDYH ZULWWHQ LQIRUPHG
FRQVHQWEHIRUHWKHLUSDUWLFLSDWLRQLQWKHVWXG\ZKLFKZDVDSSURYHGE\WKH
+XPDQ(WKLFV&RPPLWWHHV RI7RN\R0HGLFDO DQG'HQWDO8QLYHUVLW\ DQG
1DWLRQDO ,QVWLWXWHRI5DGLRORJLFDO6FLHQFHV7KHLU VFRUHVRQ WKH+DPLOWRQ
5DWLQJ 6FDOH IRU 'HSUHVVLRQ +56' ZHUH  PHDQ6' UDQJH
'XULQJ WKHVWXG\SDWLHQWVFRXOG WDNHÀXYR[DPLQHDQG ORUD]HSDP
3DWLHQWVZHUH WUHDWHGZLWKGDLO\ VHVVLRQVRI U706+] VHF WUDLQ
 WUDLQV DW PRWRU WKUHVKROG SHU VHVVLRQ RYHU WKH OHIW GRUVRODWHUDO






5HVXOWV  RXW RI  SDWLHQWV UHVSRQGHG WR U7060HPRU\ DQG FRJQLWLYH

























SDWLHQWVEHIRUH WUHDWPHQW LQLWLDWLRQDQGXQGHU VWHDG\VWDWHFRQGLWLRQVZLWK
GLIIHUHQWQHXUROHSWLFGUXJV
5HVXOWV7KHSDWLHQWJURXSGHPRQVWUDWHGDVLJQL¿FDQWORZHUUHVWLQJPRWRU
WKUHVKROG DV FRPSDUHGZLWK KHDOWK\ FRQWUROVZKHUHDV706SDUDGLJPVRI
FRUWLFDO VLOHQW SHULRG LQWUDFRUWLFDO LQKLELWLRQ DQG LQWUDFRUWLFDO IDFLOLWDWLRQ
IDLOHG WR VKRZ VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ SDWLHQWV DQG FRQWUROV7KLV
SDWWHUQRI706SDUDPHWHUVLVVLPLODUWRWKDWREWDLQHGLQKHDOWK\YROXQWHHUV
LQYHVWLJDWHG XQGHU LQFUHDVLQJ GRVHV RI NHWDPLQH D FHQWUDO DFWLQJ GUXJ
NQRZQ WRSURGXFHSV\FKRVLVOLNHHIIHFWV ,QDJUHHPHQWZLWK UHFHQW UHVXOWV
RI IXQFWLRQDO LPDJLQJ RXU QHXURSK\VLRORJLFDO ¿QGLQJV VXJJHVW WKDW GUXJ





&RQFOXVLRQV 7KHVH ¿QGLQJV GHPRQVWUDWH WKH SRWHQWLDO RI 706 WR GHWHFW











2EMHFWLYHV 7KH SDWKRSK\VLRORJLFDO PHFKDQLVPV RI LGLRSDWKLF WLQQLWXV




0HWKRGV 3DWLHQWV VXIIHULQJ IURP VHYHUH FKURQLF WLQQLWXV XQGHUZHQW D
>)@GHR[\JOXFRVH 3(7 SRVLWURQ HPLVVLRQ WRPRJUDSK\ DQG05, PDJ
QHWLF UHVRQDQFH LPDJLQJ PHDVXUHPHQW )XVLRQLQJ RI WKH LQGLYLGXDO 3(7
VFDQZLWKWKHVWUXFWXUDO05,VFDQ7035$*(DOORZHGWRH[DFWO\LGHQ
WLI\ WKHDUHDRI LQFUHDVHGPHWDEROLF DFWLYLW\ LQ WKHDXGLWRU\FRUWH[ZKLFK
ZDVVHOHFWHGDV WKH WDUJHWSRLQW IRU U706 ,Q WKLVFRQWH[WDQHXURQDYLJD






















LQJDWWHQWLRQDV DQRQLQYDVLYHPHWKRG IRU VSHFL¿F VWLPXODWLRQRIGLVWLQFW






PHQW RI VWLPXODWLRQ HIIHFWV HOHFWURSK\VLRORJLFDOPHWKRGV FRUWLFDO HYRNHG
SRWHQWLDOVZHUHFRPELQHGZLWK9R[HO%DVHG0RUSKRPHWU\9%0
5HVXOWV U706 GHOLYHUHG WR WKH VXSHULRU WHPSRUDO FRUWH[ LQGXFHVPDFUR
VFRSLF FRUWLFDO FKDQJHVZLWKLQ WKH DXGLWRU\ FRUWH[ZKLFK DUHPLUURUHG E\
FKDQJHVLQFRUWLFDOHYRNHGSRWHQWLDOV
&RQFOXVLRQV 2XU VWXG\ GHPRQVWUDWHV QHXURSODVWLF FKDQJHV ZKLFK RFFXU








2EMHFWLYHV 7R ¿QG RXW WKH FOLQLFDO SHFXOLDULWLHV RI IRUPDWLRQ RI REVHV






WLRQQDLUHV WKH SV\FKLDWULF VRPDWLFQHXURORJLFDO DQG VRFLDOSV\FKRORJLFDO
VWDWHVRIWKHPHQWLRQHGSDWLHQWVKDVDVVHVVHG7KH\DOVRFRPSOHWHG+RSNLQV
6\PSWRP,QYHQWRU\6&/
5HVXOWV 7KH SKHQRPHQRORJLFDO DQDO\VLV RI WKH REVHVVLRQV LQ G\QDPLFV





,QGHSHQGHQWO\ RI WKHPDWWHU RI WKH SKRELDV WKH UROH RI GLIIHUHQW VHQHVWR


























GLVSURSRUWLRQDWHO\ ZLWKLQ ELSRODU GLVRUGHU %' SDWLHQW SRSXODWLRQV &R
PRUELGLW\ZLWKPHGLFDO FRQGLWLRQV LV UHOHYDQW IRU FOLQLFDOPDQDJHPHQW RI
%' DQG LW KDV WKHRUHWLFDO LPSOLFDWLRQV IRU XQGHUVWDQGLQJ WKHPHFKDQLVPV
RIWKHLOOQHVV
















Q  VFKL]RDIIHFWLYHGLVRUGHU Q 126Q  RWKHU Q ZKR UHVSRQGHG









&RQFOXVLRQV:KLOH WKHVPDOO VDPSOHSRSXODWLRQ LVRQHRI WKH OLPLWDWLRQV
RI WKH VWXG\ WKLV SUHOLPLQDU\ VWXG\ FRQ¿UPV WKH HOHYDWHG SUHYDOHQFH RI
PLJUDLQH LQ VXEMHFWV ZLWK %'  GLVRUGHU DV VKRZQ LQ SUHYLRXV VWXGLHV






















0HWKRGV7KH SDUWLFLSDQWVZHUH  LQSDWLHQWVZLWKPDMRU GHSUHVVLYH HSL
VRGH PDOH IHPDOHDJH\HDUV LQ WKH'HSWRI3V\FKLDWU\
6KRZD 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH ZKR ZHUH GLDJQRVHG DV KDYLQJ
PDMRUGHSUHVVLYHGLVRUGHURUG\VWK\PLFGLVRUGHUDFFRUGLQJWR'60,97KH








SV\FKRWLF DQG WKH QRQSV\FKRWLF JURXSV 7KLV VWXG\ ZDV DSSURYHG E\ WKH




QRQVXSSUHVVLRQ UDWH ZHUH VLJQL¿FDQWO\ GHFUHDVHG EHIRUH GLVFKDUJH 7KHUH





ZHUHVLJQL¿FDQWO\KLJKHU LQ WKHSV\FKRWLF WKDQ LQ WKHQRQSV\FKRWLFJURXS
7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFH LQ*+UHVSRQVHEHWZHHQERWKJURXSV
HLWKHURQDGPLVVLRQRUEHIRUHGLVFKDUJH














2EMHFWLYHV7R LQYHVWLJDWHYDULDQWVRIFRPRUELGLW\PRVWRIWHQPHW LQ WKH
SUHVHQFHRIDUWHULDOK\SHUWHQVLRQ$+±DQ[LHW\GLVRUGHUV>@DVEDVLV WR
GLIIHUHQWLDOWKHUDS\
0HWKRGV ,Q WKH LQYHVWLJDWLRQ ZHUH LQFOXGHG  PHQ DQG ZRPHQ IURP
WR\HDUVROGZKLFKZHUHREMHFWVRIPXOWLGLVFLSOLQDU\WHDP¶VZRUNDW
WKH GHSDUWPHQW RI DUWHULDO K\SHUWHQVLRQ RI FDUGLRORJLFDO KRVSLWDO &OLQLFDO
PHWKRGWKHVHWRIFOLQLFDOTXDQWL¿FDWLRQDOVFDOHVDQGFDUGLRORJLFDOPHWKRGV
RIYHUL¿FDWLRQ
5HVXOWV 'LIIHUHQW PHQWDO GLVRUGHUV LQ YDULRXV VXEW\SHV RI FRPRUELGLW\
SDWKRJHQHWLFGLDJQRVWLFDQGSURJQRVWLFFRPELQHGZLWK$+>@7KH\ZHUH















 (VVHQWLDO K\SHUWHQVLRQ DQG RUJDQLF DQ[LHW\ GLVRUGHU$Q[LHW\ GHYHORSV
LQ WKH WLPH RI SURORQJHG DUWHULDO K\SHUWHQVLRQ LQ FRQVHTXHQFH RI FHUHEUR





















2EMHFWLYHV 7R H[DPLQH FOLQLFDO DQG HOHFWURHQFHSKDORJUDSKLF GLIIHUHQFHV
EHWZHHQOHIWDQGULJKWKDQGHGVFKL]RSKUHQLFSDWLHQWV
0HWKRGV'LJLWDO HOHFWURHQFHSKDORJUDP ((*ZDV UHFRUGHG DQG VXEPLW
WHG WRTXDQWLWDWLYHWRSRJUDSKLF VSHFWUXPDQDO\VLV 4((* DQG WKH*UHHN
YHUVLRQRIWKH3RVLWLYHDQG1HJDWLYH6\QGURP6FDOH3$166ZDVXVHGWR
DVVHVV WKH SDWLHQWV FOLQLFDO VWDWH )LYH OHIWKDQGHG VFKL]RSKUHQLF SDWLHQWV
PHDQ DJH VG UDQJH  WR  \HDUV ZHUH FRPSDUHG WR ¿YH
ULJKWKDQGHGDJHDQGVH[DEVROXWHO\PDWFKHGSDWLHQWVPHDQDJHVG
 UDQJH  WR  \HDUV )LYH KHDOWK\ ULJKWKDQGHG LQGLYLGXDOV PHDQ
DJH VG UDQJH  WR  \HDUVZHUH FRPSDUHG WR WKH JURXS RI
ULJKWKDQGHGSDWLHQWV






WKH3$166 OHIWKDQGHGSDWLHQWV KDG VWDWLVWLFDOO\ VLJQL¿FDQW KLJKHU VFRUHV
LQJUDQGLRVLW\SKRVWLOLW\SSRRULPSXOVHFRQWUROS
DVZHOODVDQJHUS ORZWROHUDQFHWRIUXVWUDWLRQS WKHWRWDO



















HYDOXDWH WKHGLI¿FXOWLHVDQGWRVWXG\WKH WUHDWPHQWDGDSWHGDVIRU WKHVXE
VWDQFHVDEXVHDQGWKHV\PSWRPVLQWKHVSHFWUXPRIWKHVFKL]RSKUHQLD
0HWKRGV 6WXG\ RI WKH ELRJUDSKLFDO GDWHV QHXURGHYHORSPHQW GLVRUGHUV
IDFWRUV RI YXOQHUDELOLW\ DQG FOLQLFDO FRXUVH RI WKH GLVRUGHU 6HDUFK DQG




5HVXOWV 7KH ERUGHUOLQH LQWHOOHFWXDO GH¿FLW ZRUVHQV IXUWKHUPRUH WKH RXW
FRPHRIGXDOSDWKRORJ\7KHEHKDYLRXUGLVWXUEDQFHVOLNHDJJUHVVLYHQHVVDUH



























WR LQGLFDWHE\EXWWRQSUHVVZKHWKHU WKHH[SUHVVLRQRI WKH IDFHPDWFKHVRU
PLVPDWFKHVWKHHPRWLRQDOFRQWHQWRIWKHVLWXDWLRQ
5HVXOWV &RQVLGHULQJ WDVN SHUIRUPDQFH VXEMHFWV VKRZ VLJQL¿FDQW KLJKHU
HUURUUDWHVLQWKHPLVPDWFKFRQGLWLRQ)XQFWLRQDO05,GDWDUHYHDOWKDWWKH
PDWFKDQGWKHPLVPDWFKFRQGLWLRQLQGXFHPRUHDFWLYDWLRQLQPHGLDOSUHIURQ
WDO FRUWH[ DQG DQWHULRU FLQJXODWH FRUWH[$GGLWLRQDOO\ WKHPDWFK FRQGLWLRQ
OHDGVWRPRUHDFWLYDWLRQRIWKHULJKWVXSHULRUWHPSRUDOFRUWH[
&RQFOXVLRQV 7KH UHVXOWV LQGLFDWH WKDW WKHPHGLDO SUHIURQWDO FRUWH[ SOD\V
DNH\ UROH IRU WKH LQWHJUDWLRQRI VRFLDO DQGDIIHFWLYH VWLPXOL:KHUHDV WKH



















OLWHUDWXUHVXUURXQGLQJ WKLV WLPHSHULRGZDVFDUULHGRXWZLWK WKHDVVLVWDQFH
RI YDULRXV LQWHUQDWLRQDO KLVWRULFDO DQG DFDGHPLF DUFKLYHV$OO LQIRUPDWLRQ
VSHFL¿FDOO\ UHJDUGLQJ SV\FKLDWULVWV DQG WKH SUDFWLFH RI SV\FKLDWU\ ZDV
DQDO\]HG
5HVXOWV3V\FKLDWULVWVSHUKDSVPRUHWKDQDQ\RWKHUPHGLFDOVSHFLDOW\SOD\HG
D FULWLFDO UROH LQ WKH JHQRFLGH PDQ\ RI WKHP GHPRQVWUDWLQJ D SURIRXQG
GHSWKRI LQYROYHPHQW DQG FRPPLWPHQW WR WKHVH DWURFLWLHV6HYHUDO IDFWRUV
DFFRXQWHG IRU SV\FKLDWULVWV RIWHQ IRUPLQJ WKH WHFKQLFDO DQG ³VFLHQWL¿F´
EDFNERQHRI WKLVSURFHVV YLHZLQJ LQGLYLGXDOVZLWKPHQWDO LOOQHVV DV ³OLIH
QRW ZRUWK OLYLQJ´0HGLFDO VFLHQFH GLG QRW IDLO +LWOHU RQ WKH FRQWUDU\ LW









&RQFOXVLRQV7KH HXJHQLFVPRYHPHQW DSSHDOHG WR SV\FKLDWULVWV IRU LGHR
ORJLFDOUHDVRQVZLWKSV\FKLDWULVWVSOD\LQJDFHQWUDOUROHLQVWHULOL]DWLRQDQG












,QWURGXFWLRQ 6\VWHPLF DSSOLFDWLRQ RI PXVFDULQLF UHFHSWRU DQWDJRQLVW



































0HWKRGV &RPSOH[ DQDO\VLV RI ((* QHXURSV\FKRORJLFDO VWXG\ SV\FKR
ORJLFDO WHVWLQJ DQG FOLQLFDO H[DPLQDWLRQ FDUULHG RXW GXULQJ 
\HDUVLQSHUVRQVZKRWRRNSDUWDW WKHFOHDQLQJXS&KHUQRE\ODFFLGHQW
FRQVHTXHQFHV LQDJHGDW WKH WLPHRIZRUNV\HDUV LQ
FRPSDULVRQ ZLWK  KHDOWK\ SHUVRQV DJHG  \HDUV ((* DQDO\VLV
LQFOXGHGSRZHUFRKHUHQFHDQGGLSROHVRXUFHORFDOLVDWLRQPDSSLQJ'XULQJ
QHXURSV\FKRORJLFDO H[DPLQDWLRQ /XULD¶V PHWKRG ZDV XVHG 3V\FKRORJLFDO






 \HDUV ZHUH  D YROWDJH GHFUHDVH DQG ((* UK\WKPV ORZHULQJ




SURGXFWLYLW\ LQ SDWLHQWV JURXSZDV  VFRUH DQG VLJQL¿FDQWO\ GLIIHUHQW
S IURP WKH FRUUHVSRQGLQJ HVWLPDWH LQ WKH FRQWURO JURXS  






&RQFOXVLRQV 7KXV WKH UHVXOWV RI WKH SUHVHQW VWXG\ SURYLGH WKH LQWHJUDO
HVWLPDWLRQ WKH EUDLQ IXQFWLRQDO VWDWH FRJQLWLYH DFWLYLW\ DQG FOLQLFDO VWDWH












2EMHFWLYHV7R VWXG\ SV\FKRORJLFDOPHFKDQLVPV RI DIIHFWLYH VRPDWRIRUP
GLVRUGHUVWRGLIIHUHQWLDWHWKHUDSHXWLFLQWHUYHQWLRQ
0HWKRGVWRVHWWOHWKHSXWSUREOHPZHLQYHVWLJDWHGSDWLHQWVZLWKVXFK
GLVRUGHUV DV ) ) ) ) ) ) ) )
 LQ DJH  \HDUV ROG ZLWK VLJQV RI VRPDWL]HG DIIHFWLYH GDPDJHV
,QYHVWLJDWLRQZDVFRQGXFWHGLQFRPSOLDQFHZLWKPDLGGLDJQRVWLFFULWHULDRI
,&'DQGDOVRLQDFFRUGDQFHZLWKFULWHULDRI'*ROGEHUJ>@ZKLFKOHW










GLIIHUHQWLDO GLDJQRVWLF UROH LQ IRUPLQJ DQG ¿[DWLRQ RI DIIHFWLYH VRPDWL]D




































































&RQFOXVLRQV &RUWLVRO UHVSRQVH DIWHU VWUHVVZDVPRGXODWHG E\ WKH'5'
FRPPRQ SRO\PRUSKLVP EXW QRW E\ WKH +77/35 SRO\PRUSKLVP 1R 












/HVFK.3%HQJHO'+HLOV$ 6DERO 6=*UHHQEHUJ%' 3HWUL 6 HW DO
$VVRFLDWLRQ RI DQ[LHW\UHODWHG WUDLWV ZLWK D SRO\PRUSKLVP LQ WKH
VHURWRQLQWUDQVSRUWHUJHQHUHJXODWRU\UHJLRQ6FLHQFH±


























7KH FRPELQHG HIIHFW RI +77/35 DQG '5' SRO\PRUSKLVP RQ VWUHVV
UHVSRQVH
5HSHDWHG PHDVXUH DQDO\VLV VKRZHG VLJQL¿FDQWO\ GLIIHUHQFHV ) 
3 1RVKRUWDOOHOHLQWKH+77/35DQGQRUHSHDWDOOHOHLQWKH'5'
VKRZHGDWWHQXDWHGUHVSRQVH1RVKRUWDOOHOHLQWKH+77/35DQGUHSHDW













JHQHWLF DOWHUDWLRQV ,GHDOO\ WKHVH PHWKRGV VKRXOG EH DSSOLFDEOH WR PDQ\











VHJUHJDWLRQ ZLWK GLVHDVH V\PSWRP SUR¿OH DJH RI RQVHW DQG VHYHULW\ RI
V\PSWRPV7KHVHFRQGVWHSLQYROYHVLQVLOLFRSUHGLFWLRQDQDO\VLVGH¿QLQJ
HIIHFWV RQ VHFRQGDU\ DQG WHUWLDU\ VWUXFWXUH EDVHG RQ WKH SXEOLVKHG;UD\
FU\VWDOORJUDSKLF VWUXFWXUH RI 73+  RU D PRGHOHG VWUXFWXUH RI 73+
0RUHRYHUDSUHOLPLQDU\DQDO\VLVRILQWHUJHQLFDQGLQWURQLFSRO\PRUSKLVPV
LV SHUIRUPHG VHDUFKLQJ IRU VLJQV RI DOWHUHG SURWHLQ H[SUHVVLRQ OHYHOV



























2EMHFWLYHV ,W LVZHOO HVWDEOLVKHG WKDWDSSUR[LPDWHO\RI WKHYDULDQFH




SV\FKLDWULF GLVRUGHUV DQG RWKHU SK\VLFDO LOOQHVV GXULQJ ODVW PRQWKV$OO






D GLIIHUHQFH EHWZHHQ 77 DQG 7& RQHZD\ $129$ ZLWK %RQIHUURQL
3 7KHVHUHVXOWVZHUHXQFKDQJHGZKHQVH[DQGDJHZHUHHQWHUHGDV
FRYDULDWHVLQ$1&29$VIRU5') 3 2XWUHVXOWVZHUHQRW





















2EMHFWLYHV$FFRUGLQJ WRG\QDPLFHYROXWLRQRI WKHPROHFXODUJHQHWLFV LW





0HWKRGV 3DUWLFLSDQWV LQ WKLV VWXG\ 1 ZHUH SV\FKLDWULVWV PHDQ
DJHSDWLHQWV PHDQDJHVWXGHQWV PHDQDJHDQG
 WHDFKHUV PHDQDJH7KHTXHVWLRQQDLUH ³(WKLFDOSUREOHPV UHODWHG
WRJHQHWLFH[DPLQDWLRQV´FRQFHUQHGTXHVWLRQVDERXWJHQHWLFVDQGSV\FKLDWU\
JURXSHGDQGGLYLGHG LQWR IHZSDUWV ,Q WKH¿UVW RQHZHUHTXHVWLRQV DERXW
SV\FKLDWU\JHQHWLFNQRZOHGJH,QWKHIROORZLQJSDUWVZHUHTXHVWLRQVDERXW
UHVSRQGHQWV¶ RSLQLRQV RQSUREOHPV UHODWHG WR SRVVLELOLW\ RI SUHGLFWLYH JH
QHWLFWHVWVDSSOLFDWLRQLQSV\FKLDWU\
5HVXOWV 7KH RSLQLRQV RI SDWLHQWV DQG SV\FKLDWULVWV UHIHUULQJ WR WKH SRV
VLELOLW\ RI UHDOL]DWLRQ RI REOLJDWRU\ JHQHWLF WHVWV GLIIHUHG VWDWLVWLFDOO\ LQ
DQHVVHQWLDOPDQQHU7KHSDWLHQWV WHDFKHUVDQGVWXGHQWV
LQWKHFRQWUDU\WRWKHSV\FKLDWULVWVPRUHRIWHQDJUHHGWR
UHQGHU WHVWVUHVXOWV WRPHPEHUVRIIDPLO\ IDPLO\GRFWRU7KHSV\FKLDWULVWV






&RQFOXVLRQV ³7KHKXPDQJHQRPHSURMHFW´ UDLVHV D ORW RI FRQWURYHUV\RI
WKH HWKLFDO DQG OHJDO QDWXUH7KH SDWLHQWVZHUHPRUH DI¿UPDWLYH GLVSRVHG



































2EMHFWLYHV 7R FRUUHODWH WKH JUDGH RI G\VSKDJLD LQ +XQWLQJWRQ¶V GLVHDVH
+'ZLWKWKHVWDJHRIWKHGLVHDVH
0HWKRGV  SDWLHQWV ZLWK JHQHWLFDOO\ SURYHG +' RI DOO  VWDJHV ZHUH
LQFOXGHG LQ RXU VWXG\$ [UD\ YLGHR GHJOXWLWLRQ DQDO\VLVZDV XQGHUWDNHQ
DQGWKHJUDGHRIG\VSKDJLDZDVFRUUHODWHGZLWKWKH8QLWHG+'5DWLQJ6FDOH




























D SHULRG RI ¿YH GD\V8QL¿HG+'5DWLQJ 6FDOH 8+'56ZDV HYDOXDWHG
EHIRUHDQGDIWHUWUHDWPHQW
5HVXOWV3DUNLQVRQLVPEUDG\NLQHVLDDQGG\VWRQLDLPSURYHGVLJQL¿FDQWO\
&RQFOXVLRQV +XQWLQJWRQ¶V 'LVHDVH +' LV DQ DXWRVRPDO GRPLQDQWO\
LQKHULWHG QHXURSV\FKLDWULF GLVRUGHU7KH:HVWSKDO YDULDQW RI+' :+'
GLIIHUV IURP WKH FRPPRQ IRUPE\ WKH ODFNRI FKRUHD SUHVHQWLQJ DNLQHVLD
DQG ULJLGLW\ DV PDLQ V\PSWRPV 1HYHUWKHOHVV LW VKRZV WKH VDPH JHQHWLF
GHIHFWRQWKHVKRUWDUPRIFKURPRVRPHDWSOHDGLQJWRDQLQFUHDVHG
QXPEHURI&$*&\WRVLQ$GHQLQ*XDQLQUHSHDWVLQWKHFRGLQJVHTXHQFH



















REWDLQHG LQ WKH VOHHS ODEZLWK FOLQLFDO GDWD RI DPXOWLFHQWHU GRVH¿QGLQJ
VWXG\  RQ WKH HI¿FDF\ RI D URWLJRWLQH SDWFK LQ UHVWOHVV OHJV V\QGURPH
5/6
0HWKRGV,QDGRXEOHEOLQGVL[DUPSDUDOOHOJURXSUDQGRPL]HGSODFHER










    DQG $OO URWLJRWLQH GRVHV EXW PJ
GLIIHUHG VLJQL¿FDQWO\ IURP SODFHER 7KH RSWLPDO GRVH ZDV  PJ IRO








SURGXFHG D OHVV SURQRXQFHG GHWHULRUDWLRQ  DQG  UHVSHFWLYHO\
6XEMHFWLYH VOHHS TXDOLW\ LPSURYHG DIWHU PJ  PJ 
DQGPJZKLOHPJDQGSODFHERLQGXFHGGHWHULRUDWLRQDQG
UHVSHFWLYHO\
&RQFOXVLRQV 5/6 VHOIUDWLQJPLUURUV GUXJ HIIHFWV HYDOXDWHG LQ WKH VOHHS

























PHQWQLJKW$FFRUGLQJ WR WKH,&'FODVVL¿FDWLRQ LQSDWLHQWVSULPDU\




5HVXOWV ,Q WKH WDUJHW YDULDEOH WKH VQRULQJ LQGH[ 6, FRQ¿UPDWRU\ GDWD
DQDO\VLV GHPRQVWUDWHG D VLJQL¿FDQW LPSURYHPHQW IURP K RI




IURPK WRKDQG WKHPLQLPDOR[\JHQVDWXUDWLRQ 0LQ
2 IURP  WR  7KH DURXVDO LQGH[ $5, DV ZHOO DV




















FDWHFKRODPLQH QHXURWUDQVPLWWHUV DQG SOD\V D PDMRU UROH LQ ERWK FHQWUDO











5HVXOWV	&RQFOXVLRQV$QDO\VLV RI EUDLQ WUDQVFULSWV VKRZHG D FRPSOH[
PRGHRIGLIIHUHQWLDOH[SUHVVLRQDQGXWLOL]DWLRQRIPXOWLSOHDOWHUQDWLYHVSOLFH
VLWHV7KLV FDUULHV LPSOLFDWLRQV IRU D QXPEHU RI&207 VHTXHQFH YDULDQWV
ZKLFK EHIRUHZHUH IDOVHO\ DVVXPHG WREH H[SUHVVHG LQPRVW SDUWV RI WKH













WLRQ IRU WKH WUHDWPHQW RI FKURQLF KHSDWLWLV & HVSHFLDOO\ IRU SDWLHQWV ZLWK
SV\FKLDWULFGLVRUGHUV:HSURVSHFWLYHO\VWXGLHGWKHHI¿FDF\RIDSUHHPSWLYH
WUHDWPHQWZLWK WKHDQWLGHSUHVVDQW FLWDORSUDP WRSUHYHQWGHSUHVVLRQGXULQJ
KHSDWLWLV&WUHDWPHQWZLWKSHJ\ODWHG,)1ĮESOXVULEDYLULQ
0HWKRGV  +&9LQIHFWHG SDWLHQWV ZLWK SV\FKLDWULF GLVRUGHUV UHFHLYHG
D SURSK\ODFWLFPHGLFDWLRQZLWK FLWDORSUDP PJGD\ EHIRUH DQG GXULQJ
WKHUDS\ZLWK,)1Į7KHLQFLGHQFHRIPDMRUGHSUHVVLRQZDVFRPSDUHGZLWK
+&9LQIHFWHG SDWLHQWVZLWK SV\FKLDWULF GLVRUGHUV JURXS% Q  DQG
ZLWKRXW SV\FKLDWULF ULVN IDFWRUV JURXS & Q  ZKR XQGHUZHQW ,)1"
WUHDWPHQW ZLWKRXW D SUHHPSWLYH DQWLGHSUHVVDQW WKHUDS\ 'HSUHVVLRQ ZDV
GLDJQRVHGE\'60,9FULWHULD
5HVXOWV3UHWUHDWPHQWRISV\FKLDWULFSDWLHQWVZLWKFLWDORSUDPVLJQL¿FDQWO\


















2EMHFWLYHV 3V\FKRORJLFDOSK\VLFDO VWUHVVHV DUH NQRZQ WR FDXVH UHODSVH
RI DXWRLPPXQH DQG LQÀDPPDWRU\ GLVHDVHV 2Q WKH RWKHU KDQG VWUHVVHV








5HVXOWV6WUHVV LQGXFHG ,/SUHFXUVRU SUR,/ LQ DGUHQDO FRUWH[YLD




E\ ,/ LQKLELWLRQ VKRZLQJ WKDW WKH -DQXVIDFHG HIIHFW RI WKH VWUHVV LV
SHUIRUPHGYLD,/
&RQFOXVLRQV,QVWUHVVHGRUJDQLVPV,/PD\LQÀXHQFHSDWKRORJLFDODQG



























³SKDUPDFRSKRELF´ Q  7KH WZR JURXSV ZHUH FRPSDUHG ZLWK UHJDUG
WR GHPRJUDSKLF YDULDEOHV FOLQLFDO FKDUDFWHULVWLFV WUHDWPHQW FRQGLWLRQV
VXEMHFWLYHGH¿FLW V\QGURPH LOOQHVVFRQFHSWVNQRZOHGJH ORFXVRIFRQWURO
DQGTXDOLW\RIOLIH
5HVXOWV ³3KDUPDFRSKRELF´ DQG ³SKDUPDFRSKLOLF´ DWWLWXGHV ZHUH QRW















2EMHFWLYHV 7KH JHQHUDWLRQ RI VROXEOH GHWHUJHQWVWDEOH ROLJRPHULF EHWD
DP\ORLG SHSWLGHV VGV$"ROLJRPHUV LV D SDWKRSK\VLRORJLFDO KDOOPDUN
RI $O]KHLPHUV GHPHQWLD $' 6GV$ȕROLJRPHUV DUH QHXURWR[LF DQG
LPSDLU KLSSRFDPSDO ORQJWHUP SRWHQWLDWLRQ ZKLFKPD\ H[SODLQ WKH HDUO\
DQGSUHGRPLQDQWPHPRU\GH¿FLWVLQ$',QFHUHEURVSLQDOÀXLG&6)WKH
PRQRPHULFEHWDDP\ORLGSHSWLGH$ȕLVVHOHFWLYHO\GHFUHDVHGLQ
$' ZKHUHDV$ȕ DUH YLUWXDOO\ XQFKDQJHG ,W KDV EHHQ VXJ




















7KLV GURS EHFDPH VLJQL¿FDQW DOUHDG\ DIWHU  K IRU$ȕ DQG$ȕ
ZKHUHDV DOO PRQRPHULF $ȕ SHSWLGH VSHFLHV ZHUH VLJQL¿FDQWO\ GHFUHDVHG
KDIWHUWKHRQVHWRILQIHFWLRQ7ZR$ȕSHSWLGHVSHFLHVPRVWSUREDEO\FRU
UHVSRQGWRVGV$ȕROLJRPHUV7KHVHWZR$ȕSHSWLGHVSHFLHVVGV$ȕ
ZLWK PROHFXODU PDVVH RI  0U DQG VGV$ȕ  0U ZHUH
VLJQL¿FDQWO\LQFUHDVHGDIWHUKDQGKFRPSDUHGWRFRQWUROV
&RQFOXVLRQV2XU UHVXOWV LQGLFDWH WKDW VGV$ȕROLJRPHUVSURYLGHDSDWKR
SK\VLRORJLFDO OLQN EHWZHHQ WKH GHFUHDVH RI &6)$ȕ SHSWLGHV LQ EDFWHULDO
PHQLQJLWLV DQG$ȕ LQ$'GXH WR D VKLIW RIPRQRPHULF WR ROLJRPHULF
$ȕSHSWLGHV'HFUHDVHGFRQFHQWUDWLRQVRI$ȕSHSWLGHVLQ&6)GXULQJDFXWH











2EMHFWLYHV 6WXG\LQJ LQWHUUHODWLRQV RI DQWLJHQV RI JURXSV RI EORRG E\
V\VWHP$%2DQGSUHYDOHQFHRIVRPDWLFGLVHDVHVDWPHQWDOGLVRUGHUVIRUWKH
LQFUHDVHHI¿FLHQF\RIPHGLFDOJHQHWLFDLG
0HWKRGV  SDWLHQWV ZLWK QRQ SV\FKRWLF PHQWDO GLVRUGHUV QHXURWLF
VWUHVVUHODWHG GLVRUGHUV GLVRUGHUV RI DGXOW SHUVRQDOLW\ DQG EHKDYLRU DQG
 SDWLHQWV ZLWK VFKL]RSKUHQLD:H FDUULHG FOLQLFDO DQDO\VLV DQG DQDO\VLV




























KDV EHHQ UHSRUWHG EXW WKH LQIRUPDWLRQ LV VSDUVH FRQFHUQLQJ WKH GLVWULEX
WLRQ RIPLJUDLQH LQ VXEJURXSV RIPRRG GLVRUGHUV7KH SUHVHQW VWXG\ZDV











































 KHDOWK\ YROXQWHHUV 7KH PHDVXUHV RI WKH VWXG\ ZHUH D SDWLHQWV IRUP
6&,',6&,',,%XVV\3HUU\$JJUHVVLRQ,QYHQWRU\DQG(GLQEXUJK+DQG
HGQHVV,QYHQWRU\0HDVXUHVUHODWHGZLWKFRUWLFDOH[FLWDELOLW\ZKLFKZHUHWKH


















7UDQVFUDQLDOPDJQHWLF VWLPXODWLRQ WHFKQLTXHV LQ FOLQLFDO LQYHVWLJD
WLRQ1HXURORJ\
















ZKLWKG\VIXQFWLRQV UHODWHG WR DJJUHVVLRQ$JJUHVVLRQ DQGGHVWUXFWLYH DWWL
WXGHVDUHRQHRIWKHPDMRUSUREOHPVLQDQWLVRFLDOSHUVRQDOLW\GLVRUGHUV7KLV













VXEMHFWVZHUH GLYLGHG LQWRPLOG DQG VHYHUH YLROHQFH JURXSV XVLQJ7D\ORU
9LROHQFH $VVHVVPHQW 6FDOH VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH KDV EHHQ
IRXQGEHWZHHQVHYHUHYLROHQFHJURXSVFRPSDUHGWRKHDOWK\FRQWUROVDFFRUG























2EMHFWLYHV 7KH VWXG\ZDV GHVLJQHG WR XVHPHDVXUHV RI HDWLQJ DQG IRRG
EHKDYLRXUWRFRPSDUHVXEW\SHVRISDWLHQWVZLWKDQRUH[LDQHUYRVD$1DQG
WRHYDOXDWHWKHFKDQJHVLQWKHVHPHDVXUHVDIWHUUHFRYHU\
0HWKRGV 3DUWLFLSDQWVZHUH DVVLJQHG WR PDLQ JURXSV SHRSOHZLWK FXU
UHQW DQRUH[LDQHUYRVD Q SHRSOHZKRKDG UHFRYHUHG IURPDQRUH[LD
















FRQVLGHUDEOH UHVLGXDO GLI¿FXOWLHV ZLWK ZHLJKW DSSHWLWH FRQWURO DQG IRRG
EHKDYLRXU1HYHUWKHOHVVWKHPDMRULW\RIWKHIDFWRUVZHUHLPSURYHGLQWKHLU
UHFRYHUHGVWDWHLQWHUHVWLQJO\SHRSOHLQERWKFXUUHQWDQGUHFRYHUHG5$1DQG
%3$1VXEJURXSVGLIIHUHGPDUNHGO\ IURPHDFKRWKHU RQ IDFWRUV UHODWHG WR
WKHH[SHULHQFHKXQJHUDQGWKHVXVFHSWLELOLW\WREHSURYRNHGLQWRHDWLQJ,W
LV SRVVLEOH WKDW WKHVH WUDLWV DUH UHOHYDQW WR WKH GLIIHUHQW FOLQLFDO IRUPV ,Q
















FHUHEUDO F\VWV DQG VRPH RWKHU DSSHDULQJ LQ IXQFWLRQDOO\ VLOHQW HORTXHQW








GLDJQRVLV ZDV HVWDEOLVKHG:H DQDO\]HG WKH KLVWRU\ RI LOOQHVV ¿UVW VLJQV
RI PDQLIHVWDWLRQ GLDJQRVWLF SURFHGXUHV ERJXV GLDJQRVLV DQG WUHDWPHQW































2EMHFWLYHV 7KH JRDO RI FXUUHQW VWXG\ ZDV ± WR WHVW WKH LQÀXHQFH RI WKH
DGUHQHUJLF DQG EHQ]RGLD]HSLQH GUXJV RQ WKH LPPXQRVXSSUHVVLYH OHYHOV
RI OHXNRF\WH S\UXYDW GHK\GURJHQDVH /3'* DFWLYLW\ GXULQJ WKH GH[DP




ZHUH VWXGLHG$OO SDWLHQWVZHUH GLDJQRVHG E\ D SV\FKRORJLVW DQG IXO¿OOHG
'60±,9 FULWHULD IRU0DMRU'HSUHVVLYH (SLVRGH7KH GH[DPHWKDVRQH LP




5HVXOWV 7KH UHVXOWV SHUPLWWHG UHOLDEOH GLIIHUHQWLDWLRQ EHWZHHQ FRQWURO
VXEMHFWVDQGSDWLHQWVZLWK3ULPDU\GHSUHVVLYHHSLVRGH,QFDVHVRI3ULPDU\
0DMRU 'HSUHVVLRQ DIWHU GH[DPHWKDVRQH DGPLQLVWUDWLRQ DFWLYLW\ RI /3'*
LQFUHDVHGPRUH WKDQ ,Q WKHFDVHVRI3ULPDU\0DMRU'HSUHVVLYH(SL



























VXLWDEOH IRU KHDOWK\ VXEMHFWV DVZHOO DV IRU SDWLHQWV 6LQFH FKDOOHQJH WHVWV
ZLWK GRSDPLQHUJLF QRUDGUHQHUJLF DQG VHURWRQHUJLF VXEVWDQFHV KDYH EHHQ
XVHG WR LGHQWLI\DEQRUPDO WUDQVPLWWHU UHVSRQVHV LQSV\FKRSDWKRORJ\ WKHVH
ZHUH DOVR VXSSRVHG WR EH VXLWDEOH IRU VHSDUDWLQJ WKH WZR FRPSRQHQWV RI
DQKHGRQLDLQKHDOWK\VXEMHFWV
0HWKRGV  PDOH KHDOWK\ VXEMHFWV ZHUH WHVWHG LQ D EDODQFHG FURVVRYHU
GHVLJQZLWKQRUDGUHQHUJLF1( PJUHER[HWLQHVHURWRQHUJLF+7 
PJFLWDORSUDPDQGGRSDPLQHUJLF'$ PJEURPRFULSWLQHVWLPXOD
WLRQ+RUPRQH UHVSRQVHVZHUHPHDVXUHGDQG UHODWHG WR WKHTXHVWLRQQDLUH
EDVHG VFDOH VFRUHV RI VRFLDO DQG SK\VLFDO DQKHGRQLD 3URODFWLQ '$ DQG
FRUWLVRO1(DQG+7UHVSRQVHFXUYHVZHUHGLFKRWRPL]HGRQDQLQGLYLGXDO
EDVLVLQWRKLJKDQGORZDVZHOODVHDUO\DQGODWHUHVSRQGHUV
5HVXOWV RQEWDLQHG E\ DQDO\VHV RI YDULDQFH UHYHDOHG WKDW VRFLDO DQKHGRQLD
ZDV FKDUDFWHUL]HGE\ DQ LQWHUDFWLRQRI ORZ+7 DQG ORZ'$UHVSRQVHV
ZKHUHDV VXEMHFWV ZLWK SK\VLFDO DQKHGRQLD UHVSRQGHG E\ KLJK DQG HDUO\








ORZSURGXFWLRQRI VHURWRQLQ FKDUDFWHULVWLF RI SV\FKRSDWK\ LQ FRPELQDWLRQ
ZLWKORZGULYHORZGRSDPLQHUJLFDFWLYLW\6RDFRPELQDWLRQRIWUDQVPLWWHU
FKDOOHQJH WHVWV LV VXLWDEOH WR VHSDUDWH VXEFRPSRQHQWV RI DQKHGRQLD RQ D
QHXURFKHPLFDOEDVLV
5HIHUHQFHV
&KDSPDQ /- &KDSPDQ -3 	5HXOLQ0/  6FDOHV IRU SK\VLFDO DQG
VRFLDODQKHGRQLD-RXUQDORI$EQRUPDO3V\FKRORJ\
&KDUQH\ '6 +HQLQJHU *5 6WHUQEHUJ '( +DIVWDG .0 *LGGLQJV 6
/DQGLV'+$GUHQHUJLFUHFHSWRUVHQVLWLYLW\LQGHSUHVVLRQ(IIHFWVRI
FORQLGLQH LQ GHSUHVVHG SDWLHQWV DQG KHDOWK\ VXEMHFWV$UFKLYHV RI*HQHUDO
3V\FKLDWU\
+HQQLJ-/DQJH1+DDJ$5RKUPDQQ61HWWHU35HER[HWLQHLQD
QHXURHQGRFULQH FKDOOHQJH SDUDGLJP HYLGHQFH IRU KLJK FRUWLVRO UHVSRQVHV



















DQG RI DQ\ FULPLQDO RIIHQGLQJ DPRQJ WKH SDUHQWV WKH VW JHQHUDWLRQ RI
KRPLFLGH UHFLGLYLVWV +5 WKH QG JHQHUDWLRQ DQG WR FRPSDUH WKH UHVXOWV
WRWKHSUHYLRXVUHVXOWVRIWKHFKLOGUHQWKHUGJHQHUDWLRQRIWKHVDPH+5
VXEMHFWV










DQG RI DQ\ FULPLQDOLW\  YV  DPRQJ WKH SDUHQWV DQG 
YV  DPRQJ WKH RIIVSULQJ 7KH SDUHQWV KDG IROG ULVN &, 
S IRUYLROHQWFULPLQDOLW\DQGIROGULVNIRUDQ\FULPLQDOLW\
&,  S 1R SDUHQW KDG FRPPLWWHG VHYHUH YLROHQW FULPHV




































































































































































2EMHFWLYHV 7UHDWPHQW ZLWK ERWK W\SLFDO 71 DQG DW\SLFDO QHXUROHSWLF
DJHQWV $1$KDYH EHHQ DVVRFLDWHGZLWK LQFUHDVHG VHUXPFUHDWLQH NLQDVH
6&. DFWLYLW\ (OHYDWHG 6&. OHYHOV UHSUHVHQWHGPRVWO\ DPXVFOH 00
IUDFWLRQ LVRHQ]\PHDFWLYLW\ VHUYHDVDQ LQGLFDWRURI WKHSRVVLEOH VNHOHWDO
PXVFOH FHOOPHPEUDQH GDPDJH7KHUHIRUH LW LV SRVVLEOH WKDW HOHYDWLRQ RI
6&.OHYHOVXQGHU71DQG$1$FRXOGEHDPDUNHURIWKHLUQHXURPXVFXODU
WR[LFLW\7KHSXUSRVHRI WKLVVWXG\ZDV WRHVWLPDWHSURVSHFWLYHO\ WKH6&.
DFWLYLW\LQSV\FKLDWULFSDWLHQWVWUHDWHGZLWK71$1$DQGWRHYDOXDWHWKHP









5HVXOWV 6WXG\ JURXSZDV FRPSULVHG RI  SDWLHQWV UHFHLYLQJ FOR]DSLQH
Q RODQ]DSLQHQ ULVSHULGRQHQ TXHWLDSLQHQ KDORSHUL
GROQ RUSHUSKHQD]LQHQ (OHYHQSDWLHQWVWUHDWHGZLWKFOR]DSLQH
Q RODQ]DSLQHQ SHUSKHQD]LQHQ ZHUHIRXQGKDYLQJSHUVLVWHQW
K\SHU&.HPLD  ,8/ LQ UDQJH  ,8/ )LYH RI WKHVH






$1$ FOR]DSLQH DQG RODQ]DSLQH KRZHYHU RQO\ LQ IHZ RI WKHP VRPH








PDQ$ 0\RWR[LFLW\ DQGQHXURWR[LFLW\GXULQJFOR]DSLQH WUHDWPHQW
&OLQLFDO1HXURSKDUPDFRORJ\




















FROHSWLFVEHIRUH DQG DIWHU ZHHNVRISODFHERRU PJPRGD¿QLO GDLO\




5HVXOWV ,Q SV\FKRPHWU\ FRJQLWLYH SHUIRUPDQFH 3DXOL 7HVW ZDV VLJQL¿
FDQWO\EHWWHU DIWHUPRGD¿QLO WKDQDIWHUSODFHER7KHUHZHUHQR VLJQL¿FDQW
GLIIHUHQFHVLQUHDFWLRQWLPH&))RUWK\PRSV\FKLFYDULDEOHV$WWKHQHXUR





WKHWDSRZHU LQFUHDVH LQ WKH WHPSRURSDULHWDO UHJLRQRI WKH OHIWKHPLVSKHUH
DQGDGHOWDSRZHULQFUHDVHLQWKHOHIWSDULHWDOFRUWH[DQGLQWKHULJKWPRUH
WKDQWKHOHIWRFFLSLWDODQGOLPELFOREHV






E\ HOHFWURSK\VLRORJLFDO QHXURLPDJLQJ LQ YDULRXV EUDLQ UHJLRQV FRUUHODWHG





















RU ORVV LQ WKHLU FKLOGKRRG7KH JURXSV KDG KLJK UDWLR RI SKRELDV  
DQG:HDOVRVWXGLHGWLPHDQGGLDJQRVLVFRQWLQXXP7KHJHQHUDOL]HG
DQ[LHW\ JURXS UHYHDOHG DQ[LHW\GHSUHVVLRQDQ[LHW\  DQ[LHW\
 RU GHSUHVVLRQDQ[LHW\  FRQWLQXXP:KLOVW JHQHUDOL]HG DQ[LHW\
JURXSZLWKDOFRKROGHSHQGHQFHVKRZVDOFRKRODQ[LHW\GHSUHVVLRQ
7KHUDWLRLVLIZHDGGDOFRKRO±GHSUHVVLRQDQ[LHW\DQGDOFRKRODQ[L
HW\ FRQWLQXXPRQ WRS RI DOFRKRODQ[LHW\GHSUHVVLRQ FRQWLQXXP:H WKLQN
WKHDOFRKROFDQUHVXOWLQJHQHUDOL]HGDQ[LHW\GLVRUGHURYHUWKHWLPH
7KHUHZDVQRVWDWLVWLFDOGLIIHUHQFHLQWHUPVRIDQ[LHW\IRFXVVXFKDVIDPLO\



































LU DFWLYLW\ RI SHULDTXHGXFWDO JUD\3$* SUHSRVLWXV K\SRJORVVL3U+ DQG
SHUL/&7KH*$'LUZDVVLJQL¿FDQWO\LQFUHDVHGLQ3U+DQGSHUL/&DIWHU
&967KHIRRWVKRFNLQGXFHGUHDFWLYLW\LQWKH*$'LUZDVGHFUHDVHGLQERWK
UHJLRQV DIWHU &960RUHRYHU ZH LQYHVWLJDWHG WKH LQÀXHQFH RI WKH &5+
UHFHSWRU DQWDJRQLVW DK&5+LFY RQ WKH&96LQGXFHG DFWLYDWLRQ RI WKH
7+LULQWKH/&7KHDK&5+LFYGLPLQLVKHGWKHHQKDQFHG7+UHDFWLYLW\
E\QRYHOVWUHVVRUDIWHU&962XUUHVXOWVVXJJHVWWKDWWKH*$%$DFWLYLW\LQ











EDVDO JDQJOLD LQ SDWLHQWV ZLWK REVHVVLYHFRPSXOVLYH GLVRUGHU 2&' KDV
EHHQREVHUYHGLQQHXURLPDJLQJVWXGLHVDQGLQOHVLRQVWXGLHVLQWKHSHUIRUP
DQFHRIVPRRWKH\HSXUVXLWDQGJRDOJXLGHGVDFFDGLFH\HPRYHPHQWV,QWKLV




RFXORPRWRU WDVNV YLVXDOO\JXLGHG VDFFDGH WDVN DQWLVDFFDGH WDVN (DFK
SDWLHQWZDVDOVRDVVHVVHGZLWKWKH<DOH%URZQ2EVHVVLYH&RPSXOVLYH6FDOH







DERYH VKRZHG QR VLJQL¿FDQW GLIIHUHQFHV LQ WKH PHGLDQ ODWHQF\ DQG WKH
FRHI¿FLHQWRIYDULDWLRQIRUYLVXDOO\JXLGHGVDFFDGHVHUURUSURVDFFDGHVDQG
FRUUHFWDQWLVDFFDGHV7KHSHUFHQWDJHRIHUURUSURVDFFDGHVZDVODUJHUIRUWKH











 , (YGRNLPLGLV 1 6P\UQLV 76 &RQVWDQWLQLGLV 1& 6WHIDQLV
'$YUDPRSRXORV& 3D[LPDGLV&7KHOHULWLV&(IVWUDWLDGLV.DVWULQDNLV
*&16WHIDQLV7KHDQWLVDFFDGHWDVNLQDVDPSOHRI\RXQJ
PDOHV ,1RUPDO SRSXODWLRQ FKDUDFWHULVWLFV([SHULPHQWDO%UDLQ5HVHDUFK














YHU GHVFULSWLRQV RI SV\FKRSDWKRORJ\ DUH YHU\ OLPLWHG 7KH SKHQRW\SLFDO
SUHVHQWDWLRQRIWKHV\QGURPHLVGLIIHUHQWIRUGLVWDOSUR[LPDODQGLQWHUVWLWLDO





LQFOXGHV UHFXUUHQW XSSHU DLUZD\ LQIHFWLRQV FRUUHFWLRQ RI D SDODWRVFKL]LV
DQGVXEOX[DWLRQRIWKHULJKWKLSZLWKDPLOGVFROLRVLV)URPWKHDJHRI
WKH SDWLHQW VKRZHG K\SHUDFWLYH DQG FKDRWLF EHKDYLRXU GLVWUDFWLELOLW\ DQG













7KHUH ZHUH QR DEQRUPDOLWLHV LQ WKH UHJXODWLRQ RI PRRG DQG DQ[LHW\ DQG
QR VLJQV RI EL]DUUH LQFRPSUHKHQVLEOH EHKDYLRXU VXJJHVWLYH IRU SV\FKRWLF
H[SHULHQFHV
&RQFOXVLRQV 'HVSLWH WKH VXJJHVWHG JHQHWLF OLQNDJH EHWZHHQ ELSRODU DI
IHFWLYH GLVRUGHU DQG WKH T UHJLRQ RI FKURPRVRPH  QR FDVHVZLWK
ÀXFWXDWLQJDIIHFWLYHV\PSWRPVKDYHEHHQUHSRUWHG7KHV\PSWRPSUR¿OHRI
WKLVSDWLHQWGRHVQRWPHHW WKHFULWHULD IRU DXWLVPRU$'+'/LNH LQRWKHU
JHQHWLF GLVRUGHUV ZLWK PHQWDO UHWDUGDWLRQ WKH DSSOLFDWLRQ RI FDWHJRULFDO
WD[RQRPLHVLVLQDGHTXDWH7KHUHIRUHDFDUHIXOGHVFULSWLRQRIWKHEHKDYLRXUDO






































JURXS2XU GDWD DOORZ WR VHOHFW WKH JURXS RI SV\FKRVRFLDO IDFWRUVZKLFK
DUH VLJQL¿FDQW IRUPHWDEROLF V\QGURPH; IRU WKH IXUWKHU LQYHVWLJDWLRQ RI
HWKLRSDWKRJHQHVLFPHFKDQLVPV DQG GHWHUPLQDWLRQ RI ÄGDUWERDUGV³ RI SV\
FKRWKHUDSHXWLFDQGSV\FKRSKDUPDFRWKHUDSHXWLFLQWHUYHQWLRQ
&RQFOXVLRQV 7KHVH GDWD RQ RXU RSLQLRQ JLYHV WKH EDVH IRU SRVVLELOLW\
RI VKDSLQJ WKH FRPSUHKHQVLYH SURJUDPRI SV\FKRWKHUDSHXWLF DQG SV\FKR
KLJLHQLF WUDQVIRUPDWLRQ RI DFWXDO SHUVRQDO OLIH VWUDWHJLHV RI SDWLHQWV ZLWK


















0HWKRGV  SDWLHQWV  ZLWK VKRFNV JURXS  DQG  ZLWKRXW VKRFNV
JURXSZHUHDVVHVVHG LQD UHWURVSHFWLYHVWXG\RQHPRQWKDW OHDVWDIWHU
LPSODQW RI DQ ,&' 7KH 0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF ,QWHUYLHZ
0,1,ZDVXVHGWRGLDJQRVHDQ[LHW\DQGGHSUHVVLYHGLVRUGHUV7KHSDWLHQWV











)LQDOO\ XVLQJ WKH +$' GHSUHVVLYH V\PSWRPV VFRUHV ZHUH VLJQL¿FDQWO\
KLJKHU LQ JURXS   DV FRPSDUHG ZLWK JURXS  



















WKH\ OHDYH XQLYHUVLW\ 8QLYHUVLW\ FRXQVHOOLQJ VHUYLFHV DUH UHSRUWLQJ DQ
LQFUHDVHGQXPEHURIVWXGHQWVVHHNLQJKHOS+RZHYHUOLWWOHLVNQRZQDERXW


































2EMHFWLYHV 3V\FKRVHQVRU\ VWLPXOL HJ HPRWLRQV VWLPXODWH WKH V\PSD
WKHWLF DQG LQKLELW WKH SDUDV\PSDWKHWLF V\VWHP 6LQFH WKH HDUO\ VHYHQWLHV
GLIIHUHQW LQYHVWLJDWLRQVKDYH WULHG WRSURYH WKH UROHRISXSLOODU\GLODWDWLRQ
DV DQ REMHFWLYH LQGLFDWRU IRU GLVFULPLQDWLQJ GLIIHUHQW SV\FKRSDWKRORJLFDO
JURXSV +RZHYHU GLVFUHSDQW ¿QGLQJV ± SUREDEO\ GXH WR PHWKRGRORJLFDO
ÀDZVGLVFRXUDJHGIXUWKHUUHVHDUFK









































$JH Q ,&'GLDJQRVLV Q &ULPH Q
  )  JULHYRXVERGLO\DVVDXOWPXUGHU 
  )  PHQDFH 
  )  WKHIWEXUJODU\ 
  )  DUVRQ 
  )  VH[XDOGHOLQTXHQF\ 






5LVSHULGRQH   5LVSHULGRQH 
+DORSHULGRO   2ODQ]DSLQH 
=XFORSHQWKL[RO   &OR]DSLQH 
)OXSKHQD]LQ   4XHWLDSLQH 





































2EMHFWLYHV 6HQVLWL]DWLRQ LV GLVFXVVHG DV DQ LPSRUWDQW SKHQRPHQRQ SOD\
LQJDUROH LQQRUPDOSK\VLRORJ\EXWDOVRZLWKUHVSHFW WR WKH LQLWLDWLRQDQG
SURJUHVVLRQ RI D YDULHW\ RI QHXURSV\FKLDWULF GLVRUGHUV 3DLQ SURFHVVLQJ










DFWLYLW\ VWDWHV RI D QHWZRUN PRGHO ZLWK UHVSHFW WR GLIIHUHQW H[WHUQDO DQG
LQWHUQDOSHUWXEDWLRQV
5HVXOWV 2XU ¿QGLQJV LQGLFDWH WKDW VHQVLWL]DWLRQ PRGHOV UHSUHVHQWHG E\
SK\VLRORJLFDOO\ SODXVLEOH IHHGEDFN PHFKDQLVPV FDQ EHKDYH UHPDUNDEO\
UREXVW ZLWK UHVSHFW WR GLIIHUHQW SHUWXUELQJ VWLPXOL 7KLV HPSKDVL]HV WKH
DGYDQWDJHV RI VHQVLWL]DWLRQ G\QDPLFV XQGHU QRUPDO FRQGLWLRQV VXFK DV
OHDUQLQJDQGPHPRU\+RZHYHULWDOVRVKRZVWKHSRWHDQLWDOGHVDVWHUVXQGHU
































± \HDUV ROG ,Q WKHLUPDMRULW\ WKH\KDGJUDGXDWHG IURPJ\PQDVLXP
RUO\FHXP7KHJUHDWSHUFHQWDJHRIWKHPDUHOLYLQJZLWK
WKHLUSDUHQWVRUZLWKWKHLUVSRQVHRUFRKDELW$OPRVWDOORI
































LQJHVWLRQ RI QDOWUH[RQH$W WKH VDPH WLPH WKH XVHU DWWHQGV WKH RXWSDWLHQW
























D WHPSRUDODQGVSDWLDOEXIIHU IRUF\WRVROLFDQGPLWRFKRQGULDOSRROVRI WKH
FHOOXODUHQHUJ\FXUUHQF\DGHQRVLQHWULSKRVSKDWH:\VV	.DGGXUDK
&UHDWLQHVXSSOHPHQWDWLRQLVZLGHO\XVHGLQHQKDQFLQJVSRUWVSHUIRUPDQFH
DQG KDV EHHQ WULHG LQ WKH WUHDWPHQW RI QHXURORJLFDO QHXURPXVFXODU DQG




VLJQL¿FDQW LQFUHDVH RI PHDQ FRQFHQWUDWLRQ RI WRWDO FUHDWLQH DFURVV EUDLQ
UHJLRQV.LHEXUW]HWDODUHFXUUHQWO\FRQGXFWLQJDGRXEOHEOLQGFOLQLFDOWULDO
RIFUHDWLQHLQDPEXODWRU\+XQWLQJWRQGLVHDVHVXEMHFWV.LHEXUW]HWDODUH
FXUUHQWO\ DOVR FRQGXFWLQJ D PXOWLFHQWHU GRXEOH EOLQG VWXG\ RI FUHDWLQH
LQ SDWLHQWV ZLWK 3DUNLQVRQµV GLVHDVH IXQGHG E\ WKH 1DWLRQDO ,QVWLWXWH RI
1HXURORJLFDO 'LVRUGHUV DQG 6WURNH 1,1'6 5HFHQWO\ 5DH HW DO 
UHSRUWHG WKDW FUHDWLQH VXSSOHPHQWDWLRQKDGD VLJQL¿FDQWSRVLWLYHHIIHFWRQ
ERWKZRUNLQJPHPRU\ EDFNZDUGGLJLW VSDQ DQG5DYHQµV$GYDQFHG3UR
JUHVVLYH0DWULFHV
5HVXOWV7KHVH¿QGLQJVVXJJHVWDUROHRIEUDLQHQHUJ\FDSDFLW\LQLQÀXHQF
LQJ EUDLQ FRJQLWLYH SHUIRUPDQFH DQG WKDW FUHDWLQH YLD LWV HIIHFWV RQ EUDLQ
HQHUJ\PHWDEROLVPPD\H[HUWEHQH¿FLDOHIIHFWVRQFRJQLWLRQ$OWHUDWLRQVLQ
EUDLQ KLJKHQHUJ\ SKRVSKDWHPHWDEROLVP GHWHUPLQHG E\ LQ YLYRPDJQHWLF
UHVRQDQFH VSHFWURVFRS\ KDYH EHHQ UHSRUWHG LQ VXEMHFWVZLWK D QXPEHU RI









































5DI0(.(5. LV QRW XQLGLUHFWLRQDO DQG WKH(5.V VLJQDOLQJSDWK























0HWKRGV  SDWLHQWV ZLWK VFKL]RSKUHQLD  ZLWK ELSRODU GLVRUGHU 












DQG ELSRODU SDWLHQWV IRU FLUFDGLDQ SUHIHUHQFH 2XU ¿QGLQJV VXSSRUW WKH
K\SRWKHVLV WKDW ELSRODU GLVRUGHU LV VLJQL¿FDQWO\ DVVRFLDWHG ZLWK FLUFDGLDQ
UK\WKP )XUWKHU VWXGLHV DUH QHHGHG WR H[SORUH LWV ELRORJLFDO DQG JHQHWLF
FRUUHODWHV
5HIHUHQFHV
%URZQ )0  3V\FKRPHWULF HTXLYDOHQFH RI DQ LPSURYHG %DVLF /DQ

























,WHP 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  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 
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  
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  
,WHP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,WHP      
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0DOH )HPDOH W SYDOXH
6FKL]RSKUHQLD    
%LSRODUGLVRUGHU    









2EMHFWLYHV 3DUDQHRSODVWLF OLPELF HQFHSKDOLWLV 3/( LV FRQVLGHUHG DV







ZKRVH3/(GRHV QRW VWDELOL]H RU LPSURYH DIWHU HIIHFWLYH FDQFHU WUHDWPHQW






5HVXOWV$  \HDU ROG UHWLUHG WHFKQLFLDQ ZDV DGPLWWHG WR RXU 0HPRU\
&OLQLFLQ0D\ZLWKPLOGGHPHQWLDEHJLQQLQJIRXU\HDUVSUHYLRXVO\,Q
DFDUFLQRPDRIWKHSURVWDWHKDGEHHQGLDJQRVHGDQGDSURVWDWHFWRP\
SHUIRUPHG7KH ODVW XURORJLFDO FRQWURO H[DPLQDWLRQ LQ0D\  KDG QRW









DQG D VHVVLOH WXEXORYLOORXV DGHQRFDUFLQRPDZDV FRQ¿UPHG KLVWRORJLFDOO\
7ZR PRQWKV DIWHU UHVHFWLRQ DQWL0DDQWLERGLHV ZHUH QR ORQJHU SRVLWLYH
1HXURSV\FKRORJLFDO WHVWLQJ IRXU PRQWK DIWHU VXUJHU\ VKRZHG FRJQLWLYH
VWDELOL]DWLRQRIWKHSDWLHQW
&RQFOXVLRQV 3/( LV D GLIIHUHQWLDO GLDJQRVLV RI GHPHQWLD HVSHFLDOO\ LQ
SDWLHQWVZLWKNQRZQ WXPRXU$ VHFRQGQHRSODVLD VKRXOGEH FRQVLGHUHG LI


















0HWKRGV $ JURXS RI SDWHQWV ZLWK GHSUHVVLYH GLVRUGHUV ZKR DUH JRLQJ
WKURXJK D PD\RU GHSUHVVLYH HSLVRGH DQG ZKR KDYH UHVSRQGHG SRRUO\ WR
SKDUPDFRORJLFDOWUHDWPHQWLVGHVFULEHG'LDJQRVLVZDVHVWDEOLVKHGDFFRUG





WKH+'6 DQG%', VFRUHV LPSURYHPHQW FULWHULRQ D GHFUHDVH LQ ZLWK





























7KH SXUSRVH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH XVHIXOQHVV RI +77/35
JHQRW\SHDQGLWVWZRDOOHOHVIRUSUHGLFWLQJWKHFRXUVHDQGUHVSRQVHRIPDMRU
GHSUHVVLYHGLVRUGHULQSUREDQGVVXEMHFWHGWRHQYLURQPHQWDOVWUHVVRUV
0HWKRGV &URVVVHFWLRQDO RSHQ VWXG\ RI HSLGHPLRORJLFDO LQFLGHQFH DQG
REVHUYDWLRQ 6DPSOH RI  SDWLHQWV UDQGRPLVHG E\ DJH DQG VH[ +RPR
F\JRWHV IRU VKRUW 66 DQG ORQJ // DOOHOHV DQG SDLUHG KRPRF\JRWHV IRU




PRQWKV DPRXQW DQG VHYHULW\ 6WUHVVRUV LQFOXGHGZHUH RFFXSDWLRQDO
¿QDQFLDO KRXVLQJ KHDOWK DQG LQWHUSHUVRQDO UHODWLRQVKLSV E 5HVSRQVH
WR WKHVH VWUHVVRUV VXLFLGDO LGHDWLRQ RU DWWHPSW F 3UHVHQFH RI GHSUHVVLYH
GLVRUGHU DFFRUGLQJ WR '60,9 RYHU WKH SDVW  PRQWKV PHDVXUHG ZLWK
VHOIDSSOLHG %HFN'HSUHVVLRQ ,QYHQWRU\ DQG+DPLOWRQ'HSUHVVLRQ 5DWLQJ
6FDOHDSSOLHGE\SV\FKLDWULVWG(YDOXDWLRQRI WKHGLVRUGHUH+LVWRU\RI






ORJLFDO YXOQHUDELOLW\ LQ LQGLYLGXDOV LQ XQIDYRXUDEOH HQYLURQPHQWDO FRQGL




















SKUHQLF GLVRUGHUV KRVSLWDOLVHG LQ WKH SV\FKLDWULF GHSDUWPHQW LQ 3LOVHQ IRU
SRVLWLYLW\RI%'97RWDOQXPHURIH[DPLQHGSDWLHQVIURPRWKHUGHSDUWPHQWV

















WLRQ ZLWK &RPSUHKHQVLYH %LEOLRJUDSK\ -RXUQDO RI 9HWHULQDU\ 0HGLFLQH

'LHWULFK '( 6FKHGORZVNL 0 %RGH / /XGZLJ + (PULFK +0$ 9LUR









2EMHFWLYHV7KLVDLPRI WKLVVXUYH\LV WRGHWHUPLQHLI WKRVHZLWKDIDPLO\
KLVWRU\RIPHQWDOLOOQHVVDUHPRUHSURQHWRZDUGVGHYHORSLQJFRPPRQPHQWDO





PHQWDO LOOQHVVZDVGH¿QHGDV WKHSUHVHQFHRIPHQWDOGLVRUGHUVDPRQJ WKH
SDUHQWVVLEOLQJVRUFKLOGUHQRIWKHVXEMHFWV7KHSUHVHQFHRIFRPPRQPHQWDO
GLVRUGHUVDPRQJWKHVXEMHFWVZDVDVVHVVHGXVLQJWKH&,65LQVWUXPHQW7KH








GLVRUGHUV &,65 VFRUH RI  DQG DERYH LQGLFDWHG WKH SUHVHQFH RI&0'
DPRQJWKHJURXSVZLWKDQGZLWKRXWWKHIDPLO\KLVWRU\





































3UHYDOHQFH VWXG\ RI HDWLQJ GLVRUGHUV DFFRUGLQJ WR (DWLQJ $WWLWXGHV 7HVW
($7%XOLF,QYHVWLJDWRU\7HVWRI(GLQEXUJK%,7(%RG\,PDJH%,
'HPRJUDSKLF4XHVWLRQQDLUH'4%RG\0DVV,QGH[%0,DQG3V\FKLDWULF





WR ($7 DQG %,7( UHVSHFWLYHO\$IWHU FOLQLF LQWHUYLHZ LW ZDV IRXQG D
SUHYDOHQFHRIIRUSDUWLDOV\QGURPHDQGFOLQLFDOHDWLQJGLVRUGHUV7KH













WKH¿UVWRQHDOO WKHVWXGHQWVZHUHVXEPLWHG WR VHOITXHVWLRQDLUHVDQG WKHLU





















2EMHFWLYHV %LSRODU GLVRUGHU UHPDLQV D GLI¿FXOWWRWUHDW FRQGLWLRQ 7KH
JRDOVDUHWRVWDELOL]HWKHSDWLHQWDQGWRDPHOLRUDWHKLVPRRGSV\FKRWLFDQG
RWKHUV\PSWRPV7KHDW\SLFDODQWLSV\FKRWLFVDUHLQFUHDVLQJO\SUHVFULEHGIRU
WKLV FRQGLWLRQ7KHHYLGHQFH IRU WKHLUXVH LQELSRODUGLVRUGHU LV UHYLHZHG







FDO DQWLSV\FKRWLFV LQ ELSRODU GLVRUGHU7KH\ DUH HIIHFWLYH DVPRQRWKHUDS\
LQWKHWUHDWPHQWRIDFXWHPDQLD:LWKULVSHULGRQHVLJQL¿FDQWDPHOLRUDWLRQ
RI PDQLF V\PSWRPV <056 VFRUH DQG GHSUHVVLYH V\PSWRPV 0$'56
VFRUHKDVEHHQREVHUYHGZLWKLQ WKUHH WR IRXUGD\VRIPRQRWKHUDS\ZKHQ
FRPSDUHG ZLWK SODFHER 6\PSWRP LPSURYHPHQW ZDV VHHQ LUUHVSHFWLYH RI
V\PSWRPVVHYHULW\RUSUHVHQFHRISV\FKRWLFV\PSWRPVDWVWDUWRIWKHVWXG\
,PSRUWDQWO\ULVSHULGRQHDOVRLPSURYHGWKHSDWLHQWV¶IXQFWLRQLQJDVUHÀHFWHG
E\ WKH *$6 VFRUHV  DIWHU  ZHHNV 5HPLVVLRQ UDWHV XS WR 









UHJDUGLQJ HI¿FDF\ DQG WROHUDELOLW\ $VSHFWV WKDW PD\ SURYH UHOHYDQW DUH




VOHHS TXDOLW\ DUH EHWWHU WKDQ IRU KDORSHULGROZKLOH OLDELOLW\ IRUPHWDEROLF
VLGHHIIHFWV LV ORZ)XUWKHU UHVHDUFKZLOO DOORZ¿QHWXQLQJ WKHLU UHOHYDQFH
IRUORQJWHUPRXWFRPH
&RQFOXVLRQV ,Q JHQHUDO DW\SLFDO DQWLSV\FKRWLFV RIIHU D JRRG EDODQFH
EHWZHHQHI¿FDF\DQG WROHUDELOLW\ZLWK WKHUDSHXWLFEHQH¿WVERWK DVPRQR
WKHUDS\ RU DGGRQ WR HVWDEOLVKHG PRRG VWDELOL]LQJ DJHQWV $V HPHUJLQJ
RSWLRQV IRU WUHDWPHQW RI ELSRODU GLVRUGHUV WKH\ PD\ EULQJ QHZ KRSH IRU











+LUVFKIHOG 5 HW DO  5DSLG DQWLPDQLF HIIHFW RI ULVSHULGRQH PRQR
WKHUDS\DZHHNPXOWLFHQWHUGRXEOHEOLQGSODFHERFRQWUROOHGWULDO$P-
3V\FKLDWU\





RU KDORSHULGRO IRU WUHDWPHQW RI DFXWH PDQLD$P - 3V\FKLDWU\ 














DQG SK\VLFLDQUHODWHG 7KHLU UHOHYDQFH WR ORQJWHUP RXWFRPH LQ ELSRODU
GLVRUGHULVGLVFXVVHG
5HVXOWV)DFWRUVSUHGLFWLYHRIFRPSOLDQFHLQPHGLFDO LOOQHVVLQFOXGHFKUR
QLFLW\ RI LOOQHVV H[WHQW RI GLVDELOLW\ SHUFHLYHG VHULRXVQHVV FRQWLQXLW\ RI
FDUHDQGWKHH[WHQWRIVXSHUYLVLRQE\RWKHUV7\SLFDOIDFWRUVRIQRQFRPSOL
DQFHDUHWKHDPRXQWRIWLPHEHLQJDV\PSWRPDWLFSV\FKLDWULFLOOQHVVOLYLQJ
DORQHQR IDPLO\ VXSSRUW FRPSOH[PHGLFDWLRQ UHJLPHQ DQG WROHUDELOLW\ RI










K\SRPDQLD GHQLDO LPSDLUPHQW ODFN RI FRQWURO RYHU OLIH ORZ HGXFDWLRQ
ORZ VRFLDO VXSSRUW PHGLFDWLRQUHODWHG LVVXHV ODSVHG SUHVFULSWLRQ VLGH
HIIHFWV DQG FRPRUELGLW\ SHUVRQDOLW\ GLVRUGHU VXEVWDQFH DEXVH ,OOQHVV
UHODWHG IDFWRUV LQFOXGHK\SHUWK\PLDPDQLF W\SHV\PSWRPVHYHULW\ FRJQL
WLYH G\VIXQFWLRQ DQG PLVGLDJQRVLV PLVVHG HXSKRULD PRRGLQFRQJUXHQW



































EDVHOLQH LQIRUPDWLRQ DQG FOLQLFDO RXWFRPH PHDVXUHV RQ WUHDWPHQWV DQG
SV\FKRVRFLDODVSHFWVWKHPDLQREMHFWLYHLVWRHQDEOHDFTXLVLWLRQRIFOLQLFDO
GDWDHVVHQWLDOIRUWKHPDQDJHPHQWRIELSRODUGLVRUGHU%DVHOLQHGDWDLQFOXGH
GHPRJUDSKLFVGLVHDVHKLVWRU\DQG IHDWXUHV FRQFRPLWDQW LOOQHVVHV DQGFR













HGXFDWLRQ RI SDWLHQWV DQG WKHLU HQYLURQPHQW FRQWLQXRXV PRQLWRULQJ DQG
¿QHWXQLQJ RI WUHDWPHQWV SDWLHQWV ZLOO EH PRUH FRPSOLDQW HQMR\ JUHDWHU
TXDOLW\RIFDUHDQGIXQFWLRQEHWWHULQGDLO\OLIH





















5HVXOWV:KHUHDV WKH ROGHU FRQYHQWLRQDO RLOEDVHG GHSRW QHXUROHSWLFV DUH





IRU LPSURYHG UHODSVH SUHYHQWLRQ DQG HDVLHU PRQLWRULQJ E\ WKH SK\VLFLDQ









3UHOLPLQDU\ LQWHULP DQDO\VLV LQ  ELSRODU SDWLHQWV VXSSRUWV DOVR ELSRODU

























PRQSV\FKLDWULF GLVRUGHUVZLWK FKURQLFLW\ DQG FRPRUELGLW\ EHLQJ WKH UXOH
UDWKHUWKDQWKHH[FHSWLRQ,WKDVEHHQHVWLPDWHGWKDWURXJKO\RISDWLHQWV
ZLWK OLIHWLPH GHSUHVVLRQ DOVR KDYH D OLIHWLPH DQ[LHW\ GLVRUGHU /LIHWLPH


















7KH ¿UVWOLQH WUHDWPHQW RI*HQHUDOLVHG$Q[LHW\'LVRUGHU *$' LQFOXGHV























,QFUHDVHG UHFRJQLWLRQ RI WKH SUHYDOHQFH DQG GLVDELOLW\ RI WKH DQ[LHW\




FOLQLFDO VWXGLHVZLOO EH GLVFXVVHG D IRFXV RQZRUN RQ VHOHFWLYH VHURWRQLQ





















2EMHFWLYHV 7R H[DPLQH WKH .UDHSHOLQLDQ YLHZ WKDW VFKL]RSKUHQLD DQG














15* G\VELQGLQ UHJXODWRU RI *SURWHLQ VLJQDOOLQJ 5*6 EUDLQ
GHULYHG QHXURWURSKLF IDFWRU %'1) SUROLQH GHK\GURJHQDVH 352'+
GLVUXSWHGLQVFKL]RSKUHQLD',6&FDWHFKRO2PHWK\OWUDQVIHUDVH&207
DQG*)RUELSRODUGLVRUGHU OLQNDJHKDVEHHQ UHSRUWHGZLWK ORFLRQ
FKURPRVRPHVTTDQGT











&RQFOXVLRQV 6FKL]RSKUHQLD DQG ELSRODU GLVRUGHU DSSHDU WR EH VXEMHFW WR
WKHLQÀXHQFHRIFRPPRQJHQHVLHJHQHVZKLFKSUHGLVSRVHWRSV\FKRVLVLQ
JHQHUDO7KHVHJHQHVGHWHUPLQHWKHLUFRPPRQDOLWLHV+RZHYHUDQXPEHURI


















2EMHFWLYHV 7R GLVFXVV WKHRULHV UHJDUGLQJ GRSDPLQH DQG KRZ WKH\ UHODWH
WR SV\FKRVLV DQG DQWLSV\FKRWLF WUHDWPHQW LQ VFKL]RSKUHQLD DQG ELSRODU
GLVRUGHU




SKUHQLD DQGPDQLD DQG HPHUJLQJ HYLGHQFH KLQWV WKDW DW\SLFDO DJHQWV DUH
HIIHFWLYH LQ ORQJWHUP UHPLVVLRQ RI ELSRODU GLVRUGHU MXVW DV WKH\ DUH LQ
VFKL]RSKUHQLD :KLOH WKH WZR LOOQHVVHV DUH QRW LGHQWLFDO WKH\ GR VKRZ
SDUWLDO RYHUODS DV ZHOO DV GLVWLQFW IHDWXUHV LQ JHQHWLF DQWHFHGHQWV VWUXF








PHGLDWLQJ µVDOLHQFH¶ RI WKH HQYLURQPHQW DQG LWV LQWHUQDO UHSUHVHQWDWLRQV
:HSURSRVHWKDWLQWKHFRQWH[WRISV\FKRVLVDG\VUHJXODWHGK\SHUGRSDPLQ
HUJLF VWDWH OHDGV WRDSURFHVVRIKHLJKWHQHG VHQVHRIQRYHOW\DQGDEHUUDQW
DVVLJQPHQWRIVDOLHQFHWRHQYLURQPHQWDOVWLPXOL'HOXVLRQVDUHDFRJQLWLYH
HIIRUWE\ WKHSDWLHQW WRPDNHVHQVHRI WKHVHDEHUUDQWO\VDOLHQWH[SHULHQFHV
DQG DVVRFLDWLRQVZKHUHDVKDOOXFLQDWLRQV UHÀHFW D GLUHFW H[SHULHQFHRI WKH
DEHUUDQW VDOLHQFH RI LQWHUQDO UHSUHVHQWDWLRQV $QWLSV\FKRWLFV H[HUW WKHLU
DQWLµSV\FKRWLF¶ HIIHFW E\ µGDPSHQLQJ¶ WKH PRWLYDWLRQDO VDOLHQFH RI WKHVH
DEQRUPDOH[SHULHQFHVDQGDVVRFLDWLRQVDQGE\GRLQJVRSURYLGHDSODWIRUP
IRU SV\FKRORJLFDO UHVROXWLRQ RI V\PSWRPV +RZHYHU DQWLSV\FKRWLFV GR
QRW HOLPLQDWH WKH DHWLRSDWKRORJ\ VR UHODSVH RFFXUV ZKHQ PHGLFDWLRQ LV


























5HVXOWV 6HYHUDO VWXGLHV KDYH GHPRQVWUDWHG WKDW DW\SLFDO DQWLSV\FKRWLFV
DUHDVHIIHFWLYHDVFRQYHQWLRQDODJHQWV LQ UHGXFLQJ WKHSRVLWLYHV\PSWRPV
RI VFKL]RSKUHQLD DQG DUHPRUH HI¿FDFLRXV LQ WUHDWLQJ QHJDWLYH FRJQLWLYH
DQG DIIHFWLYH V\PSWRPV$ UHYLHZ RI  VWXGLHV RI SDWLHQWV ZLWK DFXWH





,Q DGGLWLRQ WR VFKL]RSKUHQLD DW\SLFDO DQWLSV\FKRWLFV KDYH EHHQ DSSURYHG








RI ELSRODU GHSUHVVLRQ TXHWLDSLQH PRQRWKHUDS\ VLJQL¿FDQWO\ GHFUHDVHG


































VHFRQG JHQHUDWLRQ DQWLSV\FKRWLF DJHQWV LQ RUGHU WR HYDOXDWH ZKHWKHU WKH
.UDHSHOLQLDQ GLFKRWRP\ UHJDUGLQJ VFKL]RSKUHQLD DQG ELSRODU GLVRUGHU LV
LQFRUUHFWRUZKHWKHUVHFRQGJHQHUDWLRQDJHQWVDUHQRQVSHFL¿FLPSDFWLQJ
FRPPRQEXWQRQVSHFL¿FV\PSWRPFOXVWHUV
0HWKRGV 8VLQJ FDVH VWXGLHV HI¿FDF\ DQG QDWXUDOLVWLF GDWD DUJXPHQWV
IRUDQGDJDLQVWWKH.UDHSHOLQLDQGLFKRWRP\YHUVXVGUXJVSHFL¿FLW\ZLOOEH
UHYLHZHG
5HVXOWV (I¿FDF\ HIIHFWLYHQHVV DQG FDVH VWXG\ GDWD VKRZ WKDW QHZHU
DQWLSV\FKRWLF DJHQWV DUH HIIHFWLYH DQWLPDQLF DQG DQWLSV\FKRWLF DJHQWV
FRQWUROOLQJ PRWRU H[FLWHPHQW DJLWDWLRQ GHOXVLRQV DQG KDOOXFLQDWLRQV LQ
ERWK VFKL]RSKUHQLD DQG ELSRODU GLVRUGHU 6RPH RI WKHVH DJHQWV DOVR KDYH
FOHDU EHQH¿WV LQ ELSRODU GHSUHVVLRQ DQG LPSURYH QHJDWLYH DQG DIIHFWLYH







VHFRQGJHQHUDWLRQDJHQWV5HFHQWGDWD DOVR VKRZ WKDW WKHVHGUXJVSUHYHQW
UHODSVHRIHSLVRGHVLQERWKVFKL]RSKUHQLDDQGELSRODUGLVRUGHU
&RQFOXVLRQV:KLOH WKHDHWLRSDWKRJHQHVLVRIZKDWZH WHUPVFKL]RSKUHQLD
RUELSRODUGLVRUGHUUHPDLQVDP\VWHU\IRU WKHPRVWSDUW LW LVSRVVLEOH WKDW
.UDHSHOLQZDV LQ IDFW FRUUHFW LQ XVLQJ SKHQRPHQRORJ\ WR GHVFULEH WKHVH
WZRPDMRU IXQFWLRQDO SV\FKRVHV1RQHWKHOHVV LQ WKH DEVHQFH RI µVSHFL¿F¶
WUHDWPHQWVWKHDYDLODEOHGDWDVXJJHVWWKDWWKHVHQHZHUDQWLSV\FKRWLFDJHQWV














$GYDQFHV LQ RXU XQGHUVWDQGLQJ RI WKH DHWLRORJ\ FRXUVH DQG WUHDWPHQW RI








KRZZH GHVFULEH LW WR RXU SDWLHQWV DQG WKHLU IDPLOLHV:KDWZH UHJDUG DV
VXFFHVV LQ WUHDWLQJVFKL]RSKUHQLDKDVHYROYHGVXEVWDQWLDOO\ IURPUHGXFLQJ
WKH ULVNRIKDUP WRVHOIDQGRWKHUV WKURXJKFRQWURORISRVLWLYH DQGPRUH











%DOOHQJHU  5HPLVVLRQ RI VFKL]RSKUHQLD PD\ DSSHDU WR EH D PRUH









RXU WUHDWPHQWJRDOVPRUHFOHDUO\ DQGZLOO VXSSRUW DSRVLWLYH ORQJHUWHUP
DSSURDFKWRVWXG\LQJRXWFRPHLQSDWLHQWVZLWKVFKL]RSKUHQLD
,Q UHODWLRQ WR RXU FRQFHSWXDO IUDPHZRUN IRU VFKL]RSKUHQLD DFFHSWDQFH RI
UHPLVVLRQDVDYDOLGFRQFHSWUHTXLUHVXVWRUHHYDOXDWHRXUH[SHFWDWLRQVIRU













)RU WKH FRQFHSW RI UHPLVVLRQ WR JDLQ UHFRJQLWLRQ DV EHLQJPHDQLQJIXO WR
SDWLHQWVDQGFOLQLFLDQVDNH\TXHVWLRQ LVZKHWKHUJLYHQDSSURSULDWH WUHDW
PHQW DQG VXSSRUW UHPLVVLRQ FDQ EH DFKLHYHG E\ D UHDVRQDEOH SURSRUWLRQ
RISDWLHQWV",QWKHDEVHQFHRIDJHQHUDOXQGHUVWDQGLQJRIZKDWLVPHDQWE\










WRPVGXULQJ WUHDWPHQW DQG DIWHU D \HDU RQ PJ ORQJDFWLQJ ULVSHULGRQH















































WKHUH LV D KLJK UDWH RI UHODSVH !ZLWKLQ  \HDUV RI UHFRYHU\ IURP D
¿UVWHSLVRGHRISV\FKRVLV 5RELQVRQHWDO7KH LPSDFWRISV\FKRWLF
UHODSVHVRQORQJWHUPRXWFRPHFDQEHSURIRXQGZLWKHDFKUHODSVHUHFRYHU\







RI D ¿UVW RU VHFRQG UHODSVHZKHQ QRW WDNLQJPHGLFDWLRQ LV DSSUR[LPDWHO\
¿YHWLPHVJUHDWHUWKDQZKHQUHFHLYLQJDSSURSULDWHPHGLFDWLRQ5RELQVRQHW
DO0RUHRYHU WUHDWPHQWDGKHUHQFH LVVXHVDUHFRPPRQGXULQJHDUO\




VLRQ RI LOOQHVV7KLV SUHVHQWDWLRQZLOO UHYLHZ WKH UHVXOWV IURP D WZR\HDU
RSHQODEHO FOLQLFDO WULDO RI ORQJDFWLQJ ULVSHULGRQH LQ SDWLHQWVZLWK UHFHQW
RQVHW SV\FKRVLV 5,636<7KH LQWHULP UHVXOWV EDVHGRQ DQ DQDO\VLV RI
RXWFRPHVDIWHUVL[PRQWKVZLOOEHSUHVHQWHGIRFXVLQJRQWKHHI¿FDF\DQG
WROHUDELOLW\RIWKHWUHDWPHQWSUHYHQWLRQRIUHODSVHDQGSDWLHQWVDWLVIDFWLRQ
DQG SHUFHSWLRQV RI WUHDWPHQW ,PSRUWDQWO\ ZHZLOO DOVR VKDUH WKH H[SHUL
HQFHRI WKHFOLQLFLDQVDQGSDWLHQWV LQYROYHGLQ WKHVWXG\ WKHLUSHUFHSWLRQV



































7KH UHODWLRQVKLS EHWZHHQ HDUO\ UHVSRQVH DQG VXEVHTXHQW RXWFRPHZLOO EH
H[DPLQHG
,QDPHWDDQDO\WLFDSSURDFKWKHK\SRWKHVLVKDVEHHQWHVWHGWKDWHVFLWDORSUDP





















7KH SHUFHLYHG GRFWRUSDWLHQW UHODWLRQVKLS WKH IHHOLQJ RI SUHVHUYHG DX














7KHUH LV LQFUHDVLQJ UHFRJQLWLRQ RI WKH QHHG WR WUHDW SDWLHQWV XQWLO IXOO
UHFRYHU\ LQ ERWKPDMRU GHSUHVVLRQ DQG WKH DQ[LHW\ GLVRUGHUV7KH UHGXF






LQKLELWRUV DUH W\SLFDOO\ VHHQ DW WKH VWDUW RI WUHDWPHQW DQG XVXDOO\ UHVROYH
DIWHU WKH¿UVWIHZZHHNV+RZHYHUSRWHQWLDOO\GLVWUHVVLQJHIIHFWV WKDWPD\
KDYHEHHQDFFHSWHGLQWKHDFXWHSKDVH±VXFKDVVH[XDOG\VIXQFWLRQFDQ
SURYH LQWROHUDEOH IRU VRPHSDWLHQWVGXULQJ ORQJ WHUP WUHDWPHQW2WKHUDG
YHUVHHIIHFWVWKDWPD\KDYHDVLJQL¿FDQWQHJDWLYHLPSDFWRQZLOOLQJQHVVWR
FRQWLQXH ZLWK ORQJ WHUP WUHDWPHQW LQFOXGH ZHLJKW JDLQ SUREOHPV DULVLQJ
IURPFRPRUELGSK\VLFDOLOOKHDOWKDQGXVHRIFRQFRPLWDQWPHGLFDWLRQVDQG
GLVFRQWLQXDWLRQ V\PSWRPV DIWHU EULHI WUHDWPHQW LQWHUUXSWLRQV$QWLGHSUHV
VDQWVGLIIHULQWKHVHUHVSHFWVODUJHO\GXHWRWKHLUYDU\LQJSKDUPDFRORJLFDO
SURSHUWLHV7KLVSUHVHQWDWLRQZLOOKLJKOLJKWVXFKGLIIHUHQFHVE\UHIHUHQFHWR
WKH FOLQLFDO WULDO GDWDEDVH RI HVFLWDORSUDP DQG FRPSDUDWRU DQWLGHSUHVVDQWV
SDUR[HWLQHDQGYHQODID[LQH;5
5HIHUHQFHV





























































&OLQLFDO WULDOV WR HYDOXDWH VFKL]RSKUHQLD PHGLFDWLRQV DUH E\ QHFHVVLW\
EOLQGHGFRQWUROOHGDQGZLWKVWULFWHQWU\FULWHULD7KHVHFRQGLWLRQVPD\QRW
DFFXUDWHO\ UHÀHFW WKRVHPHW LQ WUHDWLQJ VFKL]RSKUHQLD SDWLHQWV LQ WKH UHDO
ZRUOG 7KLV SUHVHQWDWLRQ UHSRUWV RQ WZR ODUJH RSHQODEHO VWXGLHV RI WKH
DQWLSV\FKRWLFDULSLSUD]ROH LQDJHQHUDOSV\FKLDWULFVHWWLQJSURYLGLQJYDOX







$OWKRXJK FODVVHG DV DQ DIIHFWLYH GLVRUGHU ELSRODU PDQLD VKDUHV VRPH
IHDWXUHV RI VFKL]RSKUHQLD7KH WZR FRQGLWLRQV KDYH D UDQJH RI V\PSWRPV



















0HWKRGV :H FRQGXFHG D FDVHFRQWURO WHQ\HDU SURVSHFWLYH IROORZXS
VWXG\RI$'+'LQPDOHVDQGD¿YH\HDUSURVSHFWLYHIROORZXSRI$'+'





VHHQ DW EDVHOLQH ZHUH VXFFHVVIXOO\ UHFUXLWHG DW D PHDQ DJH RI  \HDUV
$PRQJ$'+'PDOHV DVVHVVHG DW D\HDU IROORZXS WKH UDWHRI FXUUHQW
LHLQWKHSDVWPRQWKIXOORUVXEWKUHVKROG'60,9$'+'ZDV7KH
FXUUHQW UDWH RI'60,9$'+' LQ WKH DGROHVFHQW VDPSOH RI IHPDOHVZDV
7KH OLIHWLPH SUHYDOHQFH IRU DOO FDWHJRULHV RI SV\FKRSDWKRORJ\ LH
0DMRU 3V\FKRSDWKRORJ\ $QWLVRFLDO 'LVRUGHUV 'HYHORSPHQWDO 'LVRUGHUV
DQG6XEVWDQFH'HSHQGHQFH'LVRUGHUVZDVVLJQL¿FDQWO\JUHDWHU LQ$'+'
DGROHVFHQWVDQG\RXQJDGXOWVRIERWKJHQGHUVFRPSDUHGWRFRQWUROV



















JHQRPHZLOOEHFRQGXFWHG WR LGHQWLI\JHQHV WKDWDUH OLQNHG WR$'+'DQG
IRUDVVRFLDWLRQVZLWKIXQFWLRQDOO\VLJQL¿FDQWYDULDWLRQVRIFDQGLGDWHJHQHV
IRU$'+'HJ'$7'5'61$3*HQHHIIHFWVDUHH[SHFWHGWREH










2EMHFWLYHV ,W KDV EHHQ K\SRWKHVL]HG WKDW WKH DEXVH SRWHQWLDO RIPHWK\O
SKHQLGDWH 03+ LVGXH WR WKH UDSLGRQVHWRIEORFNDGHRI WKHSUHV\QDSWLF
GRSDPLQHWUDQVSRUWHU'$7LQWKHEUDLQ6LQFHORQJDFWLQJIRUPXODWLRQVRI
03+KDYHDPRUHJUDGXDOULVHRISODVPD03+FRQFHQWUDWLRQWKDQLPPHGL































%DFNJURXQG 7KH IHZ FRQWUROOHG VWXGLHV RI PHWK\OSKHQLGDWH 03+ LQ
DGXOWVZLWK DWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHU $'+'KDYH UHSRUWHG
HTXLYRFDOUHVXOWV$SUHYLRXVSLORWVWXG\E\RXUJURXSVXJJHVWHGWKDWWKHVH



























5HVXOWV 5HVHDUFK RYHU WKH SDVW  \HDUV KDV FOHDUO\ GHPRQVWUDWHG WKDW
SV\FKLDWULFLOOQHVVUHVXOWVIURPDFRPSOH[LQWHUSOD\EHWZHHQHQYLURQPHQWDO
DQG JHQHWLF IDFWRUV 0XOWLSOH ELRFKHPLFDO JHQHWLF DQG QHXURDQDWRPLFDO
DEQRUPDOLWLHV KDYH EHHQ LGHQWL¿HG LQ DOO WKHPDMRU SV\FKLDWULF GLVRUGHUV
LQFOXGLQJ VFKL]RSKUHQLD ELSRODU GLVRUGHU GHSUHVVLRQ DQ[LHW\ DQG RWKHU
PRRG GLVRUGHUV:KLOH WKHVH GLVRUGHUV H[KLELW YDULDEOH FOLQLFDO V\PSWRP
FRPSOH[HVUHVHDUFKKDVLQGLFDWHGWKDWWKH\VKDUHFRQVLGHUDEOHVLPLODULWLHV
LQ WKHLU QHXURDQDWRPLFDO JHQHWLF DQGELRFKHPLFDO FDXVHVRIG\VIXQFWLRQ
)RU H[DPSOH DEQRUPDOLWLHV LQ GRSDPLQH VHURWRQLQ DQG QRUHSLQHSKULQH




6XFK ¿QGLQJV VXJJHVW WKDW SV\FKLDWULF GLVHDVH UHSUHVHQWV D FRQWLQXXP RI
JHQHWLFELRFKHPLFDODQGQHXURDQDWRPLFDODEQRUPDOLWLHVZLWKYDULDWLRQVLQ
WKHVHEHLQJSDUWO\UHVSRQVLEOHIRUWKHFOLQLFDOV\PSWRPDWRORJ\
















2EMHFWLYHV 5HYLHZ WKH VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ WKH FOLQLFDO
V\PSWRPDWRORJ\ RI VFKL]RSKUHQLD ELSRODU GLVRUGHU GHSUHVVLRQ DQ[LHW\
DQGRWKHUPRRGGLVRUGHUVDQGLQYHVWLJDWHWKHLPSDFWRIFOLQLFDORYHUODSIRU
SKDUPDFRWKHUDS\








WKH YLHZ WKDW ELSRODU GLVRUGHU DQG VFKL]RSKUHQLD DUH QRW GLVWLQFW GLVHDVH
HQWLWLHVEXW UDWKHU UHSUHVHQWDFRQWLQXXPRISV\FKLDWULFGLVHDVHDFRQFHSW
NQRZQDVWKHELSRODUFRQWLQXXPWKHRU\5HFRJQLWLRQRIWKLVFOLQLFDORYHUODS
KDV SURIRXQG LPSOLFDWLRQV IRU SV\FKLDWULF SKDUPDFRWKHUDS\ )RU H[DPSOH
DW\SLFDO DQWLSV\FKRWLFV DUH EHLQJ XVHG WR VXFFHVVIXOO\ DOOHYLDWH V\PSWRPV
FRPPRQWRVHYHUDOSV\FKLDWULFGLVRUGHUVVXFKDVVFKL]RSKUHQLDDQGELSRODU
GLVRUGHU
&RQFOXVLRQV (YLGHQFH VXJJHVWV WKDW WKH FOLQLFDO V\PSWRPDWRORJ\ RI














2EMHFWLYHV5HYLHZ WKHPRVW UHFHQW DGYDQFHV LQ WKH WUHDWPHQW RI VFKL]R
SKUHQLDDQGELSRODUGLVRUGHU
5HVXOWV 6LQFH WKHLU LQWURGXFWLRQ DW\SLFDO DQWLSV\FKRWLFV KDYH VKRZQ DG
YDQWDJHVRYHUSUHYLRXVO\DYDLODEOH WUHDWPHQWVVXFKDV OLWKLXPDQG W\SLFDO
DQWLSV\FKRWLFV7KHVHDGYDQWDJHVDUHPRVWHYLGHQW LQ WKHVDIHW\DQG WROHU
DELOLW\SUR¿OHVRIWKHVHGUXJV7KHVHQHZHUPHGLFDWLRQVDOORZSV\FKLDWULVWV
WR WUHDW WKH IXOO VSHFWUXPRI VFKL]RSKUHQLDZKLFK LQDGGLWLRQ WRSRVLWLYH
V\PSWRPV DOVR LQFOXGHV QHJDWLYH V\PSWRPV GHSUHVVLRQ FRJQLWLYH G\V
IXQFWLRQ DQG HIIHFWV RQ TXDOLW\ RI OLIH 5HFHQW GDWD DOVR GHPRQVWUDWH WKH
LPSRUWDQFHRIQHZHUDW\SLFDODQWLSV\FKRWLFVLQWKHPDQDJHPHQWRIELSRODU







&RQFOXVLRQV 7KH DW\SLFDO DQWLSV\FKRWLFV KDYH VLJQL¿FDQWO\ DOWHUHG WKH






+LUVFK65 HW DO $ZHHN FRPSDULVRQ RI ]LSUDVLGRQH DQGKD



















0HWKRGV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO H[DPLQH WKH HYLGHQFH VXSSRUWLQJ




5HVXOWV DQG &RQFOXVLRQV$ YDULHW\ RI SKDUPDFRORJLF DQG SV\FKRVRFLDO
WKHUDSLHV KDYH GHPRQVWUDWHG HI¿FDF\ IRU WKH WUHDWPHQW RI SDQLF GLVRUGHU
3UDFWLFDO FRQVLGHUDWLRQV IRU DGPLQLVWUDWLRQ RI YDULRXV SKDUPDFRORJLF DQG
SV\FKRWKHUDSHXWLFLQWHUYHQWLRQVXVHGLQWKHWUHDWPHQWRISDQLFGLVRUGHUZLOO
EH UHYLHZHG VWUDWHJLHV IRU WKHRSWLPDO LQWHJUDWLRQRI FRPELQHG WKHUDSLHV


















0HWKRGV ,Q WKLV SUHVHQWDWLRQ UHFHQW GHYHORSPHQWV UHODWHG WR WKHJHQHWLF
HWLRORJ\RISDQLFGLVRUGHUZLOOEHUHYLHZHGLPSOLFDWLRQVRIJHQHWLFUHVHDUFK
IRUFOLQLFDOSV\FKLDWU\DOVRZLOOEHGLVFXVVHG




































HQFH RI SDQLF GLVRUGHU DQGPDMRU GHSUHVVLRQZLOO EH UHYLHZHG$YDLODEOH
SKDUPDFRWKHUDS\ LH WULF\FOLFDQWLGHSUHVVDQWV >7&$V@ VHOHFWLYH VHURWRQLQ
UHXSWDNHLQKLELWRUV>665,V@DQGVHURWRQLQQRUHSLQHSKULQHUHXSWDNHLQKLEL
WRUV >615,V@ WKDW KDYH VDIHO\ DQG HIIHFWLYHO\ WUHDWHG SDQLF GLVRUGHU DQG
PDMRUGHSUHVVLRQZLOOEHSUHVHQWHG
5HVXOWV 5HFHQW HSLGHPLRORJLF GDWD HVWLPDWH WKDW  RI SDWLHQWV ZLWK
OLIHWLPHSDQLFGLVRUGHU DOVRZLOOGHYHORSDPDMRUGHSUHVVLYHHSLVRGH7KH
SURJQRVLV RI WKHVH SDWLHQWV LV RIWHQ SRRU DQG UHVSRQVH WR WUHDWPHQWPD\
EH OHVV WKDQ RSWLPDO ZLWK UHVLGXDO DQ[LHW\VRPDWLF V\PSWRPV SHUVLVWLQJ
GHVSLWH SRVLWLYH UHVSRQVH WR WKHUDS\ 7KRVH ZLWK FRPRUELGLWLHV KDYH LQ
FUHDVHGSV\FKRORJLFDOGLVWUHVV DQG LQWHUSHUVRQDO LPSDLUPHQW$JHQWV IURP
DYDULHW\RIGUXJFODVVHVKDYHGHPRQVWUDWHGVDIHW\DQGHI¿FDF\LQSDQLFDQG

















-RKQVRQ 05 /\GLDUG 5% &RPRUELGLW\ RI PDMRU GHSUHVVLRQ DQG SDQLF
GLVRUGHU-&OLQ3V\FKRO
.HVVOHU5&6WDQJ3(:LWWFKHQ+HWDO/LIHWLPHSDQLFGHSUHVVLRQFRPRU
ELGLW\ LQ WKH QDWLRQDO FRPRUELGLW\ VXUYH\$UFK *HQ 3V\FKLDWU\ 





3DSS /$ 6LQKD 66 0DUWLQH] -0 &RSODQ -' $PFKLQ - *RUPDQ -0
/RZGRVH YHQODID[LQH WUHDWPHQW LQ SDQLF GLVRUGHU 3V\FKRSKDUPDFRO%XOO

5XGGHQ0 %XVFK )10LOURG% HW DO 3DQLF GLVRUGHU DQG GHSUHVVLRQ D
























WR LJQRUH WKHVXEVWUDWHXSRQZKLFK WKHQHXURWUDQVPLWWHUVDFW0DQ\RI WKH















2EMHFWLYHV 5HYLHZ WKH GHYHORSPHQW RI QHXURWUDQVPLWWHUVSHFL¿F DQWLGH







7&$V DQG WKHPRQRDPLQH R[LGDVH LQKLELWRUV 0$2,V DOO DFWHG RQ1(
RURQERWK+7DQG1(WRYDU\LQJ OHYHOV:KHQ665,VZHUH LQWURGXFHG
WKH\TXLFNO\HFOLSVHGWKH7&$VDQG0$2,VLQSRSXODULW\GXHWRWKHLUKLJKHU
VDIHW\ EHWWHU WROHUDELOLW\ DQG JUHDWHU HDVH RI XVH ,Q PRYLQJ WRZDUG WKH
+7VSHFL¿F WUHDWPHQWVZHPD\KDYH ORVW VRPHRI WKHHI¿FDF\IRXQG LQ
WKHXVHRIPRUHEURDGO\DFWLQJPHGLFDWLRQV7KH UHFHQWGHYHORSPHQWRID
QHZFODVVRIDQWLGHSUHVVDQWVFDOOHGWKHVHURWRQLQQRUHSLQHSKULQHUHXSWDNH
LQKLELWRUV 615,V KDV JLYHQ XV WKH DELOLW\ WR LQKLELW ERWK +7 DQG1(
VHOHFWLYHO\ ZLWK PLQLPDO HIIHFWV RQ RWKHU QHXURWUDQVPLWWHUV 7KH 615,V
KDYHEHHQVKRZQWREHHIIHFWLYHLQWUHDWLQJERWKWKHHPRWLRQDODQGSK\VL
FDO V\PSWRPV RI GHSUHVVLRQ ZKLFKPD\ H[SODLQ WKHLU SRWHQWLDOO\ JUHDWHU
HI¿FDF\ DW WUHDWLQJ GHSUHVVLRQ WR UHPLVVLRQ7KH FRPELQHG FKDUDFWHULVWLFV




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DQG WR H[SUHVV SHUVRQDO RSLQLRQV 9LHZSRLQWV/HWWHUV WR WKH (GLWRU 7KH
:RUOG -RXUQDO RI %LRORJLFDO 3V\FKLDWU\ LV WKXV DQ H[WUHPHO\ LPSRUWDQW
PHGLXPLQWKH¿HOGRIELRORJLFDOSV\FKLDWU\DOORYHUWKHZRUOG


















$XWKRUV PXVW GLVFORVH LQ WKHLU FRYHU OHWWHU DQ\ FRPPHUFLDO RU ¿QDQFLDO
DUUDQJHPHQWVWKDWWKH\KDYHZLWKFRPSDQLHVZKRHLWKHUKDYHSURGXFWVIHD
WXUHGLQWKHPDQXVFULSWRUZLWKFRPSDQLHVWKDWSURGXFHFRPSHWLQJSURGXFWV

















































QDPHSOXV µHW DO¶QHHGEHJLYHQ HJ.RPRUHW DO LI WKHUH LV
PRUHWKDQRQHUHIHUHQFHE\WKHVDPHDXWKRURUWHDPRIDXWKRUVLQWKH
VDPH\HDU WKHQDE F HWF VKRXOGEHDGGHG WR WKH\HDUERWK LQ WKH





























 &RS\ULJKW ,W LV DFRQGLWLRQRISXEOLFDWLRQ WKDWDXWKRUVYHVWFRS\ULJKW
LQ WKHLU DUWLFOHV LQFOXGLQJ DEVWUDFWV LQ 7D\ORU	 )UDQFLV *URXS /WG
7KLVHQDEOHVXVWRHQVXUHIXOOFRS\ULJKWSURWHFWLRQDQGWRGLVVHPLQDWH
WKH DUWLFOH DQG WKH MRXUQDO WR WKHZLGHVW SRVVLEOH UHDGHUVKLS LQ SULQW
DQGHOHFWURQLFIRUPDWVDVDSSURSULDWH$XWKRUVPD\RIFRXUVHXVHWKH
PDWHULDOHOVHZKHUHDIWHUSXEOLFDWLRQSURYLGLQJWKDWSULRUSHUPLVVLRQLV
REWDLQHG IURP 7D\ORU 	 )UDQFLV *URXS /WG$XWKRUV DUH WKHPVHOYHV









$OOPDQXVFULSWVVKRXOGEHVXEPLWWHG WR WKH(GLWRULDO2I¿FHDW WKHIRO
ORZLQJDGGUHVV
'RURWKHD%RGH(GLWRULDO$GPLQLVWUDWRU'HSDUWPHQWRI3V\FKLDWU\/XGZLJ
0D[LPLOLDQV8QLYHUVLW\1XVVEDXPVWUDVVH0XQLFK*HUPDQ\7HO
)D[(PDLOGRURWKHDERGH#PHGXQL
PXHQFKHQGH
0DQXVFULSWVDQGGLVNVZLOOQRWEHUHWXUQHG
